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INEPEIMOBA

Jlaauii MOCIOHUK MpU3HAYEHUN A 3a0e3TMeUeHHs] BUKOHAHHS JIa0OpaTOPHUX
poOiT 3 nuctuiutiad «IIpoeKTyBaHHS CHCTEM Ha KPHUCTami» AJiA 3700yBaviB CTYTICHS
Maricrpa.
JlaHa TUCIUIUIIHA BUBYAETHCS 3 METOIO OMIAHYBaHHS METO/IIB PO3POOKHU CHCTEM
Ha KpHUCTaJll 3 BUKOPUCTAHHIM BHCOKOPIBHEBOrO MpoekTyBaHHsA. Ha maboparopHux
3aHATTSAX CTYJEHTH HAaBUAIOTbCA MPOEKTYBaTH MPHUCTPOi 3 BOyIOBaHUMHU Ta
CHUHTE30BAaHMMH TPOICCOPHUMH  sIApaMH, BHUKOHYBaTH 1X TECTYBaHHA Ha
BIIMOBIAHICTD crierudikaliii Ta aHaII3yBaTH pe3yJIbTaTH.
[IpeameToM HaBUANBHOT AUCIUILTIHY € cucTeMu Ha kpuctali Cyclone V ¢gipmu
IntelFPGA ta CAIIP ns cunrtesy mudpoBux cucteM Platform Designer.
HaBuanbna mucrumuiina «lIpoekTyBaHHS CHUCTEM Ha KPHCTajil» BUBYAETHCA
napanenbHO 3 HaBUAIBHUMH AUCHHIUTIHAMU «CHCTEMH KOMIT IOTEPHOTO 30py» 1
«OCHOBU HEMPOMEPEHKHUX TEXHOJIOT1» 1 CTBOPIOE Oa3y JJi BUBUEHHS JTUCLUIUIIH 3
BUOIPKOBOIO LUKy, TakuxXx fAK «CyyacHI METOOU CHHTE3y OOYMCIIOBaJIbHUX
npUCTPOiB», «KOMIT'IOTEpHI TEXHOJIOTII MPOEKTYBaHHS EJIEKTPOHHUX 3acOo0IB» 1
«PamioenekTpoHHi 004YMCITIOBaTIbHI 3aco00M Ha OCHOBI IH(PPOBUX CHTHATBHHUX
porecopiB». MeToro HaBUaIbHOT AUCIUILIIHUA € (GOPMYBaHHS y CTYACHTIB 3/IaTHOCTI:
— TIPaMOTHOIO 1 MPaBUIBHOTO 3aCTOCYBaHHsS JIOCSTHEHb Cy4yacHOi IU(pOBOi
TEXHIKH (CUCTEM Ha KpUCTai);

— TMPOBOAMWTH OLIHKY Ta BHUOIp amapaTHUX Ta MpOrpaMHUX 3aco0iB HU(poBOi
00pOOKM CUTHAJIIB;

—  po3pobasaTu mpoektu 1 [1JIM;

— BHUKOHYBaTH HAJAro/KCHHs Ta CYNPOBOUKEHHS  PI3HOMAHITHUX HHU(PPOBUX
cucteM 00poOKH iH(popMaIlii;

— po3po0JATH Ta peasi30BYBATH 3aXOIW IO 30UIBIICHHIO HAIIHHOCTI TPHUCTPOIB
urppoBoi 0OpOOKH CUTHAIB.



1. JladopaTopHa podota Ne 1.
IHepui kpokn y Platform Designer Tool

1. Beryn

Platform Designer Tool — 1ie iHCTpyMEeHT, KUl J03BOJSIE PO3POOHUKY
CTBOPIOBATH CHUCTEMH Ha KpHUCTall 13 OI107II0TE€YHHUX KOMIIOHEHTIB, HANPUKIAJ -
nam’siTi, 1HTep(]eiciB BBEICHHSA-BUBEACHHS, TalMeEpiB, MPOILIECOPHOTO AJIpa,
00pOOHMKIB BijI€0/ayAi0 IMOTOKIB, TOIIO. Y JaHOMY OIKCI PO3MVISIHYTO POOOTY Y
Quartus Prime 18.1 Lite i3 mmatoro Terasic DE1-SoC.

TexHonor1I0 po3poOKK anapaTHOI CUCTEMHU IMPOUTIOCTPOBAHO MOCIIIOBHICTIO
MOKPOKOBUX 1HCTPYKIIIH, 111010 BUkopuctanusa cepenonuiia Platform Designer Tool
(momepeHs Ha3Ba — QSyS) CIUIBLHO 3 TporpaMHuM 3abe3nedeHHsIM Quartus® Prime.
OcTaHHIM KPOKOM TIPOIECY PO3POOKH € HAJAITYBaHHS PO3POOJICHOTO MPUCTPOIO HA
miati 3 Mmikpocxemoro FPGA Ta 3amyck npuKiaiHOi IpOrpamH.

Mantonku B po60Ti Oy OTprUMaHi 3 BUKOPUCTaHHAM cepenoBuiia Quartus Prime
Bepcii 18.1. Jlng iHmMX Bepciid mMporpaMHOro 3a0e3medyeHHs 1[I MaJFOHKH MOXKYThb
Tpoxu BiapizHaTucs [1].

2. Ilnatu Intel® FPGA cepii DE
Jns wiei podbotu HeoOxigHO Matu 1aty Intel cepii DE, mampukman, Taky, 110
MoKa3aHa Ha puc. 1.

Puc. 1. [Iimara DE1-SoC kammauii Intel

Ha puc. 1 300paxena miara DE1-SoC, Ha skiii BctaHOBiIeHO Mikpocxemy FPGA
Cyclone® V. Ilnara mae 6arato J0/1aTKOBUX PECYPCIB, TAKUX SIK MIKPOCXEMU MaM'sTi,
MOB3YHKH-TIEpEMUKaYl, KHOIKHU, CBITJIOAIONW, aymioBXil / BHUXiA, BiA€oBXiT (3
nexoaepoM NTSC / PAL) ta Bigeo Buxin (VGA). Bona ocHameHa KiibKoMa THITAMH
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MOCTIOBHUX BXITHUX / BUXIIHMX 3'€lHaHb, Bkimodaroun USB-mopt s
MIJKIIOYEHHS IUIATH 0 TMEPCOHATIbHOrO KOMIT'IoTepa. Y 1Mk poOoTi Oyje
BUKOPHUCTAHO JIMIIIE HEBEIWKY YacTHHY pecypciB: Mikpocxemy FPGA, moB3yHKu-
nepemMukayi, cBitiaonionn ta nopt USB, skuil miAKII0Ya€eThCs 10 KOMIT'IOTEpA.

3. Ilpukaax anapatHoi uudpoBoi cucTeMu

VY uii poboTi Oyae BHKOPUCTOBYBATHCS MPOCTAa amapaTHa CUCTEMa, SKa
noka3aHa Ha puc. 2. Bona ckiagaerbces 3 BOynoBaHoro npouecopHoro siapa Nios 11,
IO sIBJIsiE COOOI0 MPOrpaMHUN MPOIECOPHUM MOIYJb, OMUCAHUN MOBOK OIUCY
amapatypu [2]. [Ipouecop Nios Il moxke Oyt yacTUHOIO OUTBIIOI cHCTEMH, a caMa
cuctemMa Moxe OyTu peamizoBana B Mikpocxemi Intel FPGA 3a momomororo
nporpaMHoro 3ade3neueHHss Quartus Prime.

Host co mputer

USB-Blaster
Reset_n Clock interface
| FPGA chip
. TAG Debug JTAG UART
Nios II processor [ty Jehig "
| module mterface
Il
Avalon switch fabric
Switches LEDs
On-chip
i ) parallel input parallel output
Memory : 3 .
mterface interface
SW7 SWO LEDRT LEDRDO

Puc. 2. [Tpukinan cucremu 3 saapom Nios 11

Ak mokazaHo Ha puc. 2, mporecop Nios Il migkimtodaerscsi 10 iHTEpdENUCIB
mam'siTi Ta  BBOAY / BHUBOAY 3a JOMOMOTOI0 CHCTEMH 3B'SI3Ky, sIKA& Ma€ Ha3BY
koMyTaTop MHU Avalon. L{s mmHa reHepy€eTbesi aBTOMATUYHO cepenoBuIeM Qsys.
KoMrioneHT mam'sTi B HaBeAeHOI cucTeMHu OyAe peami30BaHO 3a JIOIOMOTOIO



BOy/oBaHOi maMm'ari, mo € B Mikpocxemi FPGA. Intepdeiicu BBOgy / BUBOMY, SKi
M1JKITI0YAI0THCS 10 TOB3YHKOBHX MEPEMUKAUIB Ta CBITJIOA10/11B, Oy/i€ peai3oBaHoO 3a
JIOTIOMOT'OI0 CTaHJAPTHUX MOJYIIB, sIKI MPUCYTHI y cepepopuii Qsys. CrerianbHui
inTepdeiic JTAG UART BuUKOpUCTOBYETHCS M MIAKIIOYEHHS O MIKPOCXEMH, Ta
3abesneuye oomin USB-nmocunaHHSIMHU 3 XOCT-KOMITIOTEPOM, 0 SIKOTO MiIKII0YeHA
mwiata DE. 1leit npuctpiii Ta HOro CynyTHE NporpaMHe 3a0€3MEeUeHHSI MalOTh Ha3BY
USB-Blaster.

[Hmmit momynb, o 3BeThest JTAG Debug, 3a6e3nedye MOKIMBICTh KEPYBaHHS
xocT-komm'totepa mnporecopom Nios II. Ile mae MOXKIMBICTD BUKOHYBAaTH Takil
omepaitiii, K 3aBaHTaxkeHHs mporpam st Nios Il B mam'sTe, 3amyck Ta 3yNMUHKY
BUKOHAHHS IIMX MPOTpaM, BCTAHOBJIEHHS TOUOK IEPEPUBAHHSA Ta aHAJI3y BMICTY
KOMIpoK nam'sti Ta perictpis Nios I1.

Ockinbku Beil wactuaM sapa Nios II, ski peamizoBani y Mikpocxemi FPGA,
BU3HAYAIOTHCS 32 JIOMOMOTOI0 MOBH OIMCY amaparypH, JOCBIMYEHWUH KOPHUCTyBad
MOXKE HaIlUCATH TAaKWW KOJA JJIs peamizaiii Oylb-siKOi 4acTUHU. AJe, 1ue O0yyo 0
OOTSDKITUBE 1 TPYJAOMICTKE 3aBiaHHsA. HaTOMICTh iCHY€ MOJIHMBICTh BUKOPUCTAHHS
010mioTexku cepepoBumia Qsys s peanizaiii  HeoOXITHOI CHCTEMH, IPOCTO
BUOWpAIOYM BIJAMOBIJHI KOMIIOHEHTHM Ta BKa3yl4W MapaMmeTpu, HEOOXITH1 s
MPUCTOCYBAHHS KOKHOTO KOMIIOHEHTA JI0 3araJiIbHUX BUMOT CUCTEMHU. X04Ya, B I[bOMY
NPUKIIAJl, UIIOCTPYIOThCS MOMIMBOCTI cepeaoBuiia Qsys s peanmizaiii Jyxe
MPOCTOI CHCTEMH, TOW >K€ TMIIXiJA MOKE BHUKOPHUCTOBYBATHCS JISI TPOCKTYBAaHHS
CKJIQJIHUX CHCTEM.

Cucrema, sika 300pakeHa Ha pHC. 2, MpU3HAYEHA JJIs peajizallii MmMpocToro
3aBaaHHs. Bicim nepemukauiB Ha tiati DE1-SoC, SW7 - 0, BUKOpUCTOBYIOTHCS IS
BKJIIOUEHHsI a00 BUMKHEHHS BocbMH cBiTIoAioniB LEDR7 - 0. Illo6 BupimmTu e
3aBIaHHS, BOCBMHOITHA TIOCHIIOBHICTh, $IKa BIAMOBIJAa€ TOTOYHOMY CTaHy
NepeMuKayiB, MOBMHHA OyTHM HajicllaHa A0 BHUXIJHOTO MOPTY JUIsl aKTUBALli
ceiTioaioniB. lle BiIOyBaeTbCs 3a JOMOMOIOIO MPOrpamMu, SKa BHKOHYETHCA
nporecopom Nios Il Ta 36epiraetbest B mam'sti Mmikpocxemu. [loTpiOna GesnepepBHa
poboTa mporpamu, 1S BIIOBITHOT 1HAMKAIT 3MIHU CTaHy MEPEMUKAYIB.

Jami Oyzae po3risiHyTO MPoIieC MPOEKTYBAaHHSI MPUCTPOIO, 300pa’KEHOT0 Ha PUC.
2, 3 BUKopuctanHaMm cepenoBuia Qsys. Ilicns npusnadenns konraktiB FPGA, s
peanizalii 3'eJHaHb MK MMapajebHUMU 1HTepdericaMu MepeMHUKaviB Ta CBITJIOI0/IIB
matu DE1-SoC, npoekT KOMIUTIOEThCS. BUKOPUCTOBYIOUN MIpOrpaMHe CEpeOBUIIE
Intel® FPGA Monitor Program, koH}irypyerbcs po3po0ieHa cxema Ha MpPUCTpPOi
FPGA Ta 3aBaHTaXXyeTbCsl HAa BUKOHAHHS Mporpama s npouecopa Nios I1.



4. IToc1iI0BHICTH BUKOHAHHSI POOOTH
1. Jlns modaTky CTBOpPITH HOBUH MpPOEKT. Po3MicTiTh HOro y AupexTopii

platformdesigner_tutorial Ta na3its lights (puc. 3).

New Project Wizard

Directory, Name, Top-Level Entity

What is the working directory for this project?
fhomefivanekovtune/allprojects/altera/platformdesigner_tutorial
What is the name of this project?

lights
What is the name of the top-level design entity for this project? This name is case sensitive and must exactly match the entity

name in the design file.
lights

Puc. 3. CTBOpeHHSI HOBOT'O IPOEKTY
Ile Mmae Oytm mycTwii MpOEeKT (empty project), HE NoAaBalTe HIAKUX (haiiB,
BUOepiTh cBOIO MikpocxeMy (SCSEMASF31C6 nns DE1-SoC) HanamryBanus EDA

Tool settings 3anuiiTe 3a 3aMOBUYAHHSIM.

2. Binkpuiite Platform Designer Tool. i uporo o6epitb mento Tools —

Platform Designer. BiikpueThbcsi BIKHO K Ha puc. 4.

- tutori; Lgsys)

Platform Designer - unsaved.qsys* (/allprojects/altera/platfor
File Edt System Generate View Tools Help
P cataleg & — = m=|| &3 system contents 82| Address Map | Interconnect Requirements & -
System: unsaved
X[ :
Project = |l[4][Luse [conn Name Description Export Clock Base
# New Component... M 4 vl 2 dk o Clock Source
ity 1 o ckin Clock Input clk exported
o= Basic Functions T =g clk_in_reset Reset Input reset
o DSP L] clk Clock Output clk_0
o Interface Protocols clk_reset Reset Output
o Low Power L
| &= Memory Interfaces and Co v |
] A—— ] |
New...
£ Hie 8 Devict 8| _f 3
r
i unsaved [unsaved.qsys+]
o = clic
o = reset l i [»
L 2
el ERED Current filter:
@% Messages _to
Type | Path | Message
I D

4 [}

Generate HDL.., Finish

0 Errors, 0 Warnings

Puc. 4. Bikno Platform Designer Tool

Ak Bu Oauute, cucTemMa BKE€ MICTUTh OAWMH KOMIOHEHT clk (. JIBi4i HATUCHITH Ha

HBOTO, 00 MeperisiHYyTH Horo mapamerpu (puc. 5). HacToTa TaKTOBOTO CHUTHATY
3apa3 BcraHoBiaeHa 50 MI'm, me MokHa 3MIHUTH, a00 BKaszaTH, IO 4YacToTa
3a3/1ajIerib He B1JIoMa, ajie y JaHii poOOoTI MOTPIOHO 3aUIIUTH i caMe TaKo¥o.



37 system Cont ¥ | Address Map % | InterconnectRe | _ = 0| @ Parameters i - o
[=][ ; _ System: unsaved Path: clk 0 System: unsaved Path: clk 0
conn... Mame Description Clock Source .
B ck 0 Clock Source clock_source Deials

=g clk_in Clock Input ckl || =

=gy clk_in_resst Reset Input re [ERERREEET
clk Clock Output Clock frequency. [s0000000 |
clk_reset Reset Output

[¥] Clock frequency is known

Reset synchronous edges:

| ¥

3. Hopnaiite 1o cuctemu mnpouecopHe siapo. [dns nworo, y Briuanui IP Catalog
(BkIagKa 3HaxonuThes 3iiBa y BikHI Platform Designer Tool) oGepits Library —
Processors and Peripherals — Embedded Processors — Nios II (Classic) Processor

Current filter:

Puc. 5. [Tapametpu clk 0

q] i

Ta HATUCHITH KHOIIKY Add. BikpueTbcs BIKHO 300pakeHe Ha puc. 6.

Y konconvromy 6ikni (3nu3y) modice 3’A6UMUC CNOGIWEHHS NPO OesKi NOMUTKU!

He xsunroumecs, su ix

4. VYV BIKHI HaJalITyBaHHSI TNIPOILECOPHOTO sapa o0epitb Nios Il/e —
€KOHOMIUHY Bepcito mporecopa (puc. 7) 1 HaTUCHITH Finish. Yci 1HII HaJIamTyBaHHS

3poOUTE TTOTIM.

ni3HIWwe sunpagume.

Ha puc. 8 IIOKA3aHO, JAK Ma€ BUITIAAATU PC3YJIIbTAT.

"™ |p Ccatalog 3%

—

/[

Project
#® New Component...
Library
o= Basic Functions
o~ DSP
o= Interface Protocols
o= Low Power
o= Memory Interfaces and Controllers
¢ Processors and Peripherals
o= Co-Processors
% Embedded Processors
# [Nios Il {Classic) Processor]
*® Nios Il Processor
o Hard Processor Components
@ Hard Processor Systems
o= |nter-Process Communication
o~ Peripherals
@ (sys Interconnect
o= Tri-State Components
o= University Program

Puc. 6. JlonaBanus sapa Nios 1



Nios II (Classic) Processor - nios2 gsys 0 Q

“ Nios Il (Classic)

Processor

altera_nios2_gsys
~ Block ram : N = = = % % r_—
Core Nios Il Caches and Memory Interfaces | Advanced Features | MMU and MPU Settings ITAG
[ Show signals L s i [ g J
[~ Select a Nios Il Core
nios2_gsys_0 1Eon & Coce: C Nies Iife b
cik ; data_maste oz lis
ock avalon ®
eset n instruction_maste hios s
A Y avalon fe—STUEEO0 MAESEE
i — fag_debug module res Nios llfe Nios II/s Nios 11/~
jtag_debug_module custom_instruction_maste 3
ph2g.cedug mocule  lialen nios_custam_instruction|em——e e D DSIUCEON_MASTE Ni T RISC RISC RISC
Al 10s 32.bit 32.bit 32-bit
Selector Guide Instruction Cache Instruction|
Branch Prediction Branch Pref
Hardware Multiply Hardware
Hardware Divide Hardware
Barrel Sh
Data Cach
DynamicE
Predictior]
Memory Usage (e.qg Stratix V) | Two M9Ks (or equiv.) Two MSKs + cache Three MIKs_|
4 il INGE K Il ] D]
&) Error: nios2_qsys_0: Reset slave is not specified. Please select the reset slave
&) Error: nios2_qsys_0: Exception slave is not specified. Please select the exception slave
/4 Warning: nios2 _qsys_0: Mios Il Classic cores are no longer recommended for new projects

Puc. 7. BikHo HanamtyBanss Nios I

Platform Designer - unsaved.qsys* (/allproj p il - tutorial/unsaved.qsys) - 2 9
File Edit System Generate View Tools Help
[ catal _ o || [T System Contents 2| AddressMap 3% | Interconnect Requirements & _#:
[ ][~ ][¥] system: unsaved  Path: nios2_gsys 0
Project Use Connections Name Description Export Clock
Wi ComponEnt., B dk 0 Clock Source
Library o dicin Clock Input clk exported
& Basic Functions =5 clk in_reset Reset Input reset
& DSP clic Clock Output cli_0
o Interface Protocols clk_reset Reset Output
& Low Power B nios2 gsys_0 Nios Il (Classic) Processer
o Memory Interfaces and Controllers clk Clock Input nconnect
¢ Processors and Peripherals reset_n Reset Input [clk]
¢ Co-Processors data_master lvalon Memory Mapped Master [clk]
¢ Embedded Processors instruction_master|Avalon Memory Mapped Master [clk]
* Nios Il (Classic) Processor d.irg Interrupt Receiver [clk]
# Nios Il Processor jtag_debug_mod... |Reset Output [clk
- Hard Processor Components jtag_debug_mod... |Avalon Memory Mapped Slave [clk] " 00!

o Hard Processor Systems
¢ Inter-Process Communication
o Peripherals

& Qsys Interconnect

¢ Tri-State Compenents

& University Program

custom_instructi... [Custom Instruction Master

Current filter:

§§ Messages se = n’:%

.. Hierarchy 5| Device Famiy £ _=m Type Path Message -
TR0 il AL 4 Errors =l

o -a clic I @ |unsaved.nios2_gsys_0 Reset slave is not specified. Please select the reset slave

= C“‘_i” H @ |unsaved.nios2_gsys_0|Exception slave is not specified. Please select the exception slave I

: : zlt_lrr;_ﬁr:tset L @ |unsaved.nios2_gsys_0 nios2_gsys_0.clk must be connected to & clock output
o ik m’nsz:qsysiu L] @ |unsaved.nios2_gsys_0 nios2_gsys_0.reset_n must be connected to a reset source =]
o B Connections L2l K i |

4 EWDJ'S, 33 wammg
Puc. 8. Burisin cucremu micng nogasanus Nios /e
4. Jlomaiite mam’atb. st moro o6epits IP Catalog — Library — Basic

Functions — On Chip Memory — On-Chip Memory (RAM or ROM) Intel
FPGA IP (puc. 9).



| = ip Catalog & |

3

Project
W New Component...
Library
¢ Basic Functions
o= Arithmetic
o- Bridges and Adaptors
o Clocks; PLLs and Resets
¢ Configuration and Programming
o= DMA
¢-0n Chip Memory
® Avalon FIFO Memory Intel FPGA IP
® Avalon-ST Dual Clock FIFO
® Avalon-ST Multi-Channel Shared Memory FIFQ
® Avalon-ST Round Robin Scheduler
® Avalon-ST Single Clock FIFO
.

 [On-Chip Memory (RAM or ROM) Intel FPGA IP]
.

.
& simulation; Debug and Verification

o= DS

o Interface Protocols

& | o Powar

-

Puc. 9. JlonaBanus mam’sTi

3po6iTh HacTymHI HanamTyBaHHs Slave S1 data width = 32 ta Total memory size =
4096 bytes (puc. 10). [lotim HaTucHITH Add.

“ On-Chip Memory (RAM or ROM)

Begutary  OltEra_svalon_onchip_memory2 ||
|* Black Diagram | A
agran = 1
S st [ Momary typo
Tpe: RAM (Wirkable) -
SR mene D | onsal-pert access
i Single dock operabion
i lack Foend Durirg Write Mode: DONT _CARE
e avalon Block type: o
resst
aliara_gwalon_onehip_mamorn?
[ sizm |
Enable differert width for Duai-port soce
Slaoe 51 Data width: 32w
Tutal memory size: 2096 bytes
Mimeze memary block ssge (may impat fmas
[ Read latency = |
Shawe 51 Latency: 1w
Slawe 52 Latency:
Reset Reguest: Enabled
|* ECC Parameter |
Extend the data width to support ECC bEs: | fisablad -~
[* Memary initialization |
[=] mitaize mamaey content
r__ Enable non-default intialization fie
Type the filename (e.g: my_ram.hex) or select the hex file using the file browser button,
User created initializstion file: T —"— i

Puc. 10. HanamtyBanHs mam’sti

6. Jlomaiite nBa 8-0iTHI MOPTH BBEICHHs/BUBeACHHs. J[ns mboro obepits IP
Catalog — Library — Processors and Peripherals— Peripherals — PIO (Parallel
1/0) Intel FPGA IP ta natucHiTh Add. Hanamryiite ix Tak, sik 300paxeHo Ha puc.11

Ta puc.12.
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3MiHITh Ha3BU MOPTIB BBEICHHS/BUBEICHHS Ha “Switches” (IOPT BBEICHHS)
ta “LEDs” (nopt BuBeAeHHs). il 1boro moTpiOHO HATUCHYTHU IMPaBOIO KHOIKOIO
MUIII Ha Ha3Bl MOPTY, Ta 00paTu KOMaH1y Rename 3 KOHTEKCTHOTO MeHIo. [1oTim -

BBECTH HOBY Ha3BY.

PIO (Parallel I/0) Intel FPGAIP - pio_0
R PIO (Parallel I/O) Intel FPGA IP

Megecore  Altera_avalon_pio

2

Documentation
Bf
~ Block Diagram : = = = B
"| [~ Basic Settings P E
lal Shaw s ignats || width (132 bits): B .
:| Direction: ) Bidir
pio_0 :
: @ Input
ik lock ) InOut
t :
— e ; 0 Output
= | | Output Port Reset Value:
external connection o :
.| [~ Output Register ]
[] Enable individt E)
:|  Edge capture register ]
[[] synchreneusly capture L
Edge Type: i
[1Enat ptur
‘| [ Interrupt
)| []Generate IRQ
Level: Interrupt CPU when any unmasked If0 pin is logic true
Edge: Interrupt CPU when any unmasked bit in the edge-capture
register is logic true. Available when synchronous capture is enabled
[~ Test bench wiring
[_1 Hardwire PIO inputs in test bench
1 T I T Drive inputs to field.: = :

|® Info: pio_0: PIO inputs are not hardwired in test bench. Undefined values will be read from PIO inputs during simulation. ‘

Cancel

Puc. 11. HanamryBaHHs OPTY BBEICHHS
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“ PIO (Parallel 1/O) Intel FPGA IP
Megeterw  Gltera_avalon_pio )

= L) |
~ Block Diagram ; — ¥
‘ - 9 * [~ Basic Settings | '
[ show signals | width (1-32 bits): B
:| Direction: Bidir
LEDs |: @
) Input
Ik :
. lock |  Inout
t ;
== eset ® Output
% I Output Port Reset Value: |0><0000000000000066
external connection . 7
d : =
- et |~ output Register |
| []Enable individual bit setting/clearing
| [~ Edge capture register |
[ Synchronously capture =
[JEnable bit-clearing for edge capture register
| [~ Interrupt
[] Generate IRQ
IRQ Type: | |
Level: Interrupt CPU when any unmasked IfO pin is logic true
Edge: Interrupt CPU when any unmasked bit in the edge-capture
register is logic true. Available when synchronous capture is enabled
| [F Test bench wiring I K
: [ Hardwire PIO inputs in test bench 1=
4] I [»]:|_Drive inputs to field.: ~|

Cancel Finish |
Puc. 12. HanamryBanHsi mOPTY BUBEACHHS

7. Honaite JTAG UART, mns mporo ob6epite IP Catalog — Library —
Interface Protocols — Serial — JTAG UART Intel FPGA IP ta natucHiTh Add.
BinkpueThcs BIKHO Y IKOMY BCE 3QJIMIITE 32 3aMOBUAHHSIM.

8. Y BikHI System Contents BinoOpa3sAThCA T0MaHI KOMIIOHCHTH, HasBHI Ta
MOKJIMBI 3B’ SI3KU MK HUMU (puc. 13).
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+

]

(] 4]

! Address Map & | Interconnect Requirements &% o =
| || ||_| System: nios_system Path: clk 0.clk in
Use Connections Name Description Export Clock
B cdk 0 Clock Source |~
C= clk in Clock Input ck exported
= clk_in_reset Reset Input reset

clk Clock Output clk 0
clk_reset Reset Output

B nios2 gsys_0 Mios Il (Classic) Processor
clk Clock Input unconnecte
reset_n Reset Input [clk]
data_master Avalon Memory Mapped Master [clk]
instruction_master|Avalon Memory Mapped Master [clk]
d_irg Interrupt Receiver [clk]
jtag_debug _maod... |Reset Output [clk]
jtag_debug_mod... |Avalon Memory Mapped Slave [clk] 3
custom_instructi... [Custom Instruction Master

E onchip_memory... |0On-Chip Memory (RAM or ROM...
clkl Clock Input unconnecte
sl Avalon Memory Mapped Slave [clkl]
resatl Reset Input [clkl]

B pio_0 PIO (Parallel I/0) Intel FPGA IP
clk Clock Input unconnecte
reset Reset Input [l
sl Avalon Memory Mapped Slave [clk]
external_connec... |Conduit

E pio 1 PIO (Parallel 170} Intel FPGA P 2
clk Clock Input unconnecte
reset Reset Input [clk]
sl Awvalon Memory Mapped Slave [clk]
external_connec.., [Conduit =

Puc. 13. Burnsag Bikaa System Contents

Hartuckaroun Ha kpykeuku y ctoBmili Connections MOXHa TOJaBaTH Ta MPUOUPATH

3B’SI3KM MK KOMIIOHEHTaMH cucTeMH. Hamamryiite 3B A3KM Tak, sIK BKa3aHO Ha PHC.

14.

14



Cormections Mame Dresscriplion Ex... Ok
= ok _in Clock Input ok | exported
ok in_reset Reset Input reset
—_— Clock Output lic_0
| _resat Fims=t Output
| B nios2_gsys_0 Maos I (Classic) Processor
| & Clock Input clkc_o
d resak_n Reset Input [i]
—_— data_master Wyalon Memory Mapped Master [ch]
u——"\: Irstruchion_master Avalon Memory Mapped Master [ichi]
——| d_irg drternupt Reosrer [ic]
“'—'il jtag_debug_modue ... Reset Output k]
. jtag_debug_module  Avalon Memory Mapped Slave (Eck]
| Custom_insirichon_m... Custom Instruction Master {
| £ onchip_memory2_0 On-Chip Memary (RAM or ROM) Intel ..,
[ ok Clodk Input clik_0
| 81 Aoealon Memory Mapped Slave [ich1]
resatl Resat Input [k 1]
Bl switches PTO (Parafiel 1/0]) Intel FPGA [P
e {Cladk Tnput lk_n
regsl Resel Input [ic]
| 1 My alan Memory Mapoed Slave [ick]
l external_cornection  Comdut
B LEDs PO (Paraliel 1/0) Intel FPGA IP
e Clock Tnput dk_0
repet Femsat Input (k]
=1 MAvalan Memory Mapped Slave [ick]
extemal_connection Condut
|2 jtag_uart 0 ITAG USAT Inbs! FAGA TP
! [= Clock Input clk_0
| regat Resst Input [iche]
| avaion_jtag_slave HAvalon Memory Mapped Slave [ichie]
1—'1! g Internupt Sender [ik]

Puc. 14. HanamryBanHs 3B’53KiB MI’)K KOMIIOHEHTaMHU

9. Ilix’ennaiiTe miniro 3anuty Ha nepepuBans (IRQ = Interrupt Request), sxmio

BOHA HE IIiJ’ €THAJIaCh aBTOMAaTUYHO JI0 sapa mporiecopa. [Ipu3Hadre mepepuBaHHIO
Homep 5. Jlyist 1iboro o0epiTh kBagpatuk y ctoBmili IRQ y psaaxy jtag uart 0 — IRQ
Ta BBEIITH 5.

10. Jlam HeoOXigHO BCTAHOBUTH 0A30B1 aApECH JJIsl IPUCTPOIB, IMia’ €THAHUX 0
mmHn Avalon. Ix Mo’kHa NpU3HAYNTH BpydHY, a00 aBTOMATHU4YHO. BiIoKy mam’sTi

npu3HauTe ajapecy Bpy4dHy. [l 1iporo ABIYl HATHUCHITH HA 3HAYCHHI y CTOBMII Base

panka onchip_memory — sl (puc. 15).

Use Connections Name Description Export Clock Base
vl & dk_0 Clock Source &=
=0 clk_in Clock Input clk lexported
=g cll_in_raset Reset Input reset
———— T clk Clock Output clk_0
' clk_reset Reset Output
vl B nios2_gsys_0 Nios Il (Classic) Processor
clie Clock Input clk_0
reset_n Reset Input [clk] T
data_master \awvalon Memory Mapped Master [clk}
instruction_master|Avalon Memory Mapped Master [clk]
d_irg Interrupt Receiver [clk] IRQ G
] jtag_debug_mod... [Reset Qutput [clk]
jtag_debug_mod.., |Avalon Memory Mapped Slave [clk] 0x0800 q
custom_instructi... [Custom Instruction Master H
[v] B onchip_memory... |On-Chip Memory (RAM or ROM...
clil Clock Input clk_0 I |
| sl \avalon Memory Mapped Slave [clic1} 0x0608 [
resetl Reset Input prepee ";e"'n’.; 20.51
wl 3 pio_0 PIO (Parallel O) Intel FPGA IP Avalo'l’-fMemor;yMEpped Stave [sualan v 181
clk Clock Input | A . 3
| Associated clock: onchip_memory2_0.clkl
reset Reset Input |

]

Associated reset: onchip_memory2_0.resetl
e == ]

Puc. 15. Ilpu3nauenns ajapecu 0JI0Ky mam’ATi
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Bceranosite 3nHauenns 0x0000. 3nayeHHs mMae OyTH came TaKUM — II€ BaKJIMBO!
[ToTiM 3a0m0Ky¥iTE 1110 apecy, HATUCHYBILX Ha BiJIMOBITHUNA CUMBOJI TOPYY.

11. Imm agpecu mpusHautre aBTomMaTudHO. OOEpiTh y MEHIO KOMaHIYy
System — Assign Base Addresses. Hapa3si, 6a30B1 agpecu KOMIIOHEHTIB BHU3HauYCHI
KOPEKTHO.

12. Ha macTymHOMY KpOIli HEOOX1JHO BUKOHATH HAJAMITYBaHHS y ITaM ATi
aZpecu pOo3TalllyBaHHS BEKTOpIB mepepuBaHb (Exception memory) Ta mnoydatrky
BUKOHAaHHS mporpamu (Reset Vector memory) nns sanpa Nios II. [ns uporo
HAaTHUCHITh TPaBOI0 KHOMKOI MHUIIl Ha nios2_qsys 0 Ta 0o0epiTh 3 KOHTEKCTHOTO
MeHto komauny Edit. Jlns napamerpiB Reset vector memory ta Exception vector
memory 00epiTh onchip _memory2 0.s1 (puc. 16).

H RISC RISC RISC
Nlos II 32-bit 32-bit 32-bit

Selector Guide

Instruction Cache
Branch Prediction
Hardware Multiply

Instruction Cache
Branch Prediction
Hardware Multiply

Hardware Divide
Barrel Shifter
Data Cache
Dynamic Branch
Prediction

Hardware Divide

Memory Usage (e.g Stratix V) | Two M9Ks (or equiv.) Two MIKs + cache Three M3Ks + cache

[~ Hardware Arithmetic Operation
Hardware multiplication type:

[1 Hardware

[~ Reset Vector
Reset vector memaory:

ionchip_memoryZ_U.sl ;v

|0x00000000

000000000

Reset vector offset:
Reset vector:

[~ Exception Vector
Exception vector memory:

onchip_memory2_0.s1 |~

Exception vector offset:
Exception vector:

0x00000020 |
0x00000020

Puc. 16. HanamryBaHnHs BEKTOPIB IepeprBaHb Ta MOYATKy BUKOHAHHS IMPOTpaMHu
nporiecopa Nios II

Bci 111 mapamerpu 3anuinre 3a 3aMoBYeHHsAIM. Hatuchite Finish. 3BepHiTh yBary -
Bci nomwiku (Errors) 3Hukiu!

13. Jlami HeoOX1THO HaNAIITyBaTU MEpeaady CUTHAIIB MOPTIB switches Ta
LEDs 3a mexi cuctemu, sika HanamrToByeThes y Platform Designer Tool. [{ns miporo,
JIB141 HATUCHITH Ha Hanuc Double-click to export y crosniti Export y psanky switches
— external_connection (nuB. puc. 17). Boumnite 1M’ switches. Tak camo JJis IOPTY
LEDs soumiits im’st leds. Pe3ynbrat 300paxkeHo Ha puc. 18.
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use | 7Cemn9ct|ons Name Description | Export Clock | Base

d_rq (interrupt Receier |Doun TcTk] [ IRDT
jtag_debug_modul... [Reset Output iclk]
jtag_debug_module |Avalon Memory Mapped Slave fclk] @x1200
custom_instruction...|Custom Instruction Master
v B onchip_memory2 0 |On-Chip Memary (RAM or ROM,
clk1 Clock Input clk_o
sl |avalon Memory Mapped Slave felkl] @ 0x0ooo
resetl |Reset Input (28]
vl B switches P10 (Parallal D) Intel FPGA IP
cli Clock Input ck_0
reset Feset Input fclk]
sl Avalon Memory Mapped Slave ouble-c o fclk] 02010
external_connection |Conduit
& B LEDs FIO (Parallel 110) Intel FRPGA IP
cl Clock Input switches.external_connection
reset Reset Input Condult [condult_end 18.1]
si |avalon Mamery Mapped Slave Associated clock: None (ssynchronous)
axternal_connaction |Conduit HE-CTILR 10
V] B jtag uart 0 ITAG UART Intel FPGA IP
clk Clock Input ck 0
reset Reset Input fclk]
avalon_jtag_slave |&valon Memoery Mapped Slave fclik] 02020
-— irq interrupt Sender I lclk]
4 ]
resetl Heset Input
B switches PIO (Parallel If0) Intel FPGA IP
clk Clock Input
reset Reset Input
sl Avalon Memory Mapped Slave
gy external_connection |Conduit switches
[v] B LEDs PIO (Parallel I/0) Intel FPGA IP
clk Clock Input
reset Reset Input
sl Avalon Memory Mapped Slave
£ external_connection |Conduit leds
] M itaa nart 0 ITar IART Intal FPGA 1P

Puc. 18. HanamryBanus nopTis

14. 30epexiTh CUCTEMY I1i]l HA3BOIO NIOS_System.

15. Jlami oGepitb komanny Generate — Generate HDL. ]Ins Create
simulation model oGepith None. Y 11ii1 po60Ti He Oy/ie BUKOHYBATHUCS CUMYJIAIIIS
npuctporo. Pe3ynpratu HamamTyBaHb BimoOpaxkeni Ha puc. 19. Hartuchith
Generate Ta nouekaitecs cnioBilieHHs Generate completed.

Generation

[* Synthesis

Synthesis files are used to compile the system in a Quartus project.

Create HDL design files for synthesis: :

[] Create timing and resource estimates for third-party EDA synthesis tools.

[v] Create block symbol file (.bsf)

[* simulation ]

The simulation model contains generated HOL files for the simulator, and may include simulation-only features,
Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory.
Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to

use the jp-setup-simulation and ip-make-simscript command-line utilities to compile all of the files needed for simulating all of
the IP in your design.

Create simulation model: None =

[~ Output Directory |
Path:

|}homex‘wanekc\ftunefaHprcjectsfa\tera.’platfcrmdesigner tutorial/nios_system | D

Puc. 19. HanamryBanns y BikHi Generation

16. IloBepHiThCA OO TOJOBHOTO BikHa cepenosuina Quartus Prime. Hapasi
HEOOXITHO JOJYYHUTH J0 TMPOCKTY CTBOPEHY nios_system. J1yia 1isoro y BikHI Project
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Navigator — Files (311Ba) HaATUCHITH ITPaBOIO KHONKOIO MUIII Ha mikTorpami Files ta
00epith komauay Add/Remove Files in Project 3 KOHTEKCTHOTO MEHIO. BikpueTbcs
BIKHO nojaBaHHs ¢ainiB. Jonaiire daitn platformdesigner tutorial/nios system/
synthesis/nios_system.v (puc. 20). Tak camo nonaiite Qaiin nios system.qip, 110
3HAXOJWTHCS Y TAII Pa30M 3 niosS_System.v.

Category: Device/Board...
|
Generel eites |
| - b Select the design files you want to include in the project. Click Add All to add all design files in the
Libraries

project directory to the project.
-| IP Settings
IP Catalog Search Locations File name: 5
Design Templates < ke
- Operating Settings and Conditior L X Add All
Voltage

File Name Type
Temperature

Library Design Entry/Syn

- Compilation Process Settings
Incremental Compilation
- EDA Tool Settings
Design Entry/Synthesis
Simulation
Board-Level
- Compiler Settings
VHDL Input

Select File

Look in: B /aliprojects/altera/platformdesigner_tutorial/nios_system/synthesis v

= Computer Name ¥ |Size Type Date Modifie

[ ivanekovtun | @l submodules Folder 20Sep 2..11
nios_system.gip 182 KB gip File 20 5ep 2..11

Verilog HDL Input
Default Parameters
Timing Analyzer
Assembler
Design Assistant
Signal Tap Logic Analyzer
Logic Analyzer Interface
Power Analyzer Settings
SSN Analyzer
File name: nios_system.v

Files of type: Design Files (*.tdf *.vhd *.vhdl *.v *.vlg *.verilog *.sv *vgm *.edf *.edif *.edn *.cpp *mdl *h *

W Buy Software oK Cancel Apply Help

Puc. 20. Jlonanus ¢aiiny nios_system.v

17. CrtBopiTh (aitn BepxHBOTO piBHS iepapxii lights.v. Y HbOMy Oyme
MIJKJII0YEHO HIOWHO 3reHEepOBaHy Ta JNOJAHy 10 MPOCKTY cuctemy 3 sapoM Nios.
Jlonatite y ¢aiin lights.v HaCTyITHHI TEKCT:

module lights (CLOCK 50, SW, KEY, LEDR);
input CLOCK_50;
input [7:0] SW;
mput [0:0] KEY;
output [7:0] LEDR;

18



nios_system NioslI (
.clk_clk(CLOCK 50),
reset_reset n(KEY),
.switches_export(SW),
Jleds export(LEDR));

endmodule

18. BukonaiiTe mpu3HaueHHs KOHTAKTIB MIKpOcXeMH (pin assignment) Juisl TUIaTH
DE1-SoC. Jlnsg mworo ob6epite MeHIO Assignments — Import Assignments ta
BKaxiTh paitn DE1_SoC.qsf.

19. 3amycTiTh KOMITUIALIIO TPOEKTY.

20. 3aBaHTaxkTe cKOMIUIbOBaHUN TpoekT J0 miath DE1-SoC 3a momomororo
Programmer Tool. (Iligxa3ka: ko Bu paniiie He npamoBainu came 3 DE1-SoC, To
BaM noTpiOHO Oyne HatucHyTH Add Device Ta obpatu Soc Series V — SOCVHPS
NEepI HIK 3aBaHTaXXyBaTH).

21. HactymHuii etan — po3po0Oka MporpaMHOTo 3a0e3nedeHHs ISl TPOIIECOPHOTO
snapa. CtBopith daiin lights.s y nupexropii platformdesigner tutorial/app software
(IUpeKTOopito TeX HEOOX1AHO CTBOPUTH). [IOMICTITE y (haiiin HACTYITHUIN TEKCT:

.equ switches, 0x00002010
.equ leds, 0x00002000
.global _start
_start:moviar2,  switches
moviar3, leds
LOOP: ldbio r4, 0(r2)
stbio 4, 0(r3)
br LOOP

.end
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Ile mporpama moBoro AcemOnep s Nios II. 3amicte umcen 0x00002010 Ta
0x00002000 ykaxiTh 6a30Bl1 aapecH BIJMOBIIHUX MOPTIB BalIOTO MPUCTPOIO (SKIIIO
aJipecy BIJIPI3HIIOTHCS).

22. 3anyctite Intel FPGA Monitor Program. (Ilinkaska: 1 mporpaMa He €
yacTuHO Quartus Prime, BCTAHOBIIOETHCS 1 3aIMyCKAETHCA OKPEMO BiJl HHOTO).

23. Koau BIAKPHUETHCS TOJIOBHE BIKHO Mporpamu, ooepite komanny File — New
Project. Ha niepiiii BKJIaJHULI BKaXKITh HACTYITHI 3HAYCHHS:

Project Directory = platformdesigner _tutorial/app software
Project Name = lights_example
Architecture = Nios Il
HatucHite Next.
24. Ha BxnanuHiii Specify the system BKaxiThb HaCTyIH1 mapametpu (puc. 21):
Select a system = <Custom system>

System description file =
platformdesigner_tutorial/nios_system.sopcinfo
FPGA programming (SOF) file =
platformdesigner_tutorial/output_files/lights.sof
Preloader = Not required

Hatuchits Next.
New Project Wizard

Specify a system

Select a system

‘-:Custcm System= '1

Specify a system by selecting a system description (SOPCInfo) file, preloader and optionally a programming file
(S0OF).

System details
System description file (SOPCinfo):

}J‘al\prOJectsfaIterafplatformdesigner_tutcriah‘nios_system.sop:info | | Browse... |

FPGA programming (SOF) file:

Jallprojectsfaltera/platformdesigner_tutorialfoutput_files/lights.sof | | Browse... |

The SOF file represents the FPGA programming file for the hardware system. If it is specified here, then the
Moniter Program can be used to download this programming file onto the board. Otherwise, the system will
need to be downloaded using some other method (for example. by using Quartus I1).

Preloader

Mot Required -

= Eack‘ | Next = Cancel

Puc. 21. 3aknaaka Specify the system
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25. Ha Bknagunui Specify a program type ykaxith 3HaueHHs Program Type =
Assembly Program. HatucHits Next.

26. Ha Bxnanunii Specify program details natucHith Add, ta 00epiTh (Qaiin
nporpamu lights.s. Bkaxite Start symbol = _start. Hatucuits Next.

27. Ha BxnanuHii Specify system parameters yKaXiTh HACTYITHI 3HAUCHHS
Host connection = DE-SoC [3-2]

Processor = nios2_qsys 0

Terminal device = jtag uart 0

(ITinka3ka: skmo Hemae mapamerpa st Host connection, TO MAKIIOUITE TUIATy 1
HaTUCHITE Refresh).

28. Ha ocTanHiii BkinaguHIi (puc. 22) HaTUCHITH Finish, abo Save.

Specify program memory settings

Memeory options

Here you can specify section names and their start and end addresses. These sections will be used by the
linker to place code and data at the specified addresses. To ensure correct use of the section names by the
linker, the names must match those identified by the assembler directives, such as .text,
Linker Section Presets: ‘Easm vi
Section Name | Memory Device Address Range |
text onchip_memary2 @ Ox00000000 - GxO000GFFF
= Back i Save Cancel

Puc. 22. 3aknaaka Specify program memory settings

Ha 3anut uu 3aBaHTakyBatu cucreMy Ha 1uiary (puc. 23) BianoBigaite Yes.

Download System - Prompt

Would you like to download the system associated with this project onto the board?
. If so, make sure that the board is connected via the correct cable and is powered up.

[ yes [| wo |

Puc. 23. 3anut, Ha sikuii Tpeba BiAMOBICTH Yes

29. Ilicns crioBilleHHS PO YCIIIIITHE 3aBaHTaXeHHsl, Y BikHi Intel FPGA Monitor
Program — lights_example (puc. 24) o6epiTh MeHI0 Actions — Compile & Load.
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Intel FPGA Monitor Program - lights_example -
Eile Edit Actions Windows Help
4 R+E +dhd 2oml @
__Disassembly - ¥ | Registers =

_ | Address (hex) o s name:| : _' RegValue

]

[4]

[al [»]
Disassembly}r Breakpoints/ Memory/‘ Watches ] Trace/

Terminal - % | Info &Errors st

LITTU (ZUsUUl -+ Cuey T Uyl amieT Uper atium at 1 osp 20 I9 17+
Info: Quartus Prime Programmer was successful. O errors, @ warn
Info: Peak virtual memory: 468 megabytes
Info: Processing ended: Thu Sep 26 14:17:44 2019
Info: Elapsed time: 00:00:05
Info: Total CPU time (on all processors): 00:00:02

[IE
Info & Errors }’ GDB Server |

Puc. 24. Bixuo Intel FPGA Monitor Program

3eepmaemo ysazy! SIxumo Bu oTpumanu NoMwiky Ta y BikH1 Info & Errors (puc. 25)
3’sIBUBCS HaIUC (11€ cTocyeThes Linux):

make: *** No rule to make target ‘compile’. Stop.

Info & Errors L
cd fallprojects/altera/platformdesigner tutorial/app _software/; -
complle =
make: *** No rule to make target 'compile'. Stop.

Jallprojects/altera/platformdesigner tutorial/app software/ligh
Unable to open input file s

Puc. 25. Bikno Info & Errors

TO BUTIPABUTH MTOMUJIKY MO>KJIMBO, SIKITIO y JTUPEKTOPil
platformdesigner_tutorial/app software Binkputu (aitn makefile, Ta y crpouri,
HactynHiii Bim # Targets, cnoBo COMPILE (BenukuMu JiT€paMH) 3aMIHUTE Ha
compile (MaJeHBKUMU JIITEPAMH).

30. Ilicms 3aBaHTaXEHHS TMPOTPaMHU, BIAKPUETbCS BIKHO jaebarepa. Bono
MOKa3aHo Ha puc. 26.
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Intel FPGA Monitor Program - lights_example : lights.srec [Paused]
Eile Edit Actions Windows Help
S Ee+E AL 20mk 2O
Disassembly - * | Registers — %
Goto instruction | Address (hex) or symbol name: Go Hide ﬂ|m
Y
— Il |pc [exqelelelelelelele]
| ~|| |zere 0x 00000000
Lequ switches, 0x 08082010 rl 0x 00000000
.equ leds, 0x Q0002000 ro 0x00000000
'Q}EDbf‘ET SO o r3 0x00000089
_gt:;t: movia 7 switches ra 6x60000000
@x00000008  00S00034 orhi r2, zero, Ox@ i £x00900080
@x000B00E4 10550404 addi  r2, r2, o010 2 SHBDEACON
novia r3, leds LY 0x 00000000
@x00000088  (OCO0034 orhi  r3, zero, Gx | e 0x00000000
OxEEOGEAGC 18050004 addi  r3, r3, Ox2000 r9 000000000
rlg ey qelelelelelelele]
LOGP: 1dbio rd, air2) ril 0x 00000000
LOGR: ri2 0x 00000000
epdeicleieielennel 116000 1dbio _I“4, o(rz) ris 0x 00000000
sthio rd, a{ral rl4 0x 00000000
Oy 00000014 lelelolelis sthio rd4, 0(r3} rls 0x 00000000
- br LooP | lr18 0x00000000
@ 18 GO3FFDE br -aC (0 10: LOOP) =l a7 0x00000000
K - , - b lns 0x00000089
Disassembly | Breakpoints / Memory / Watches ;’ Trace | rigo 0x 00000000 Ea
Terminal - % | Info &Errors el |
JTAG UART link established using cable "DE-SoC [3-2]", ver g 00000000 ( 0%) =
device 2, instance 0x00 Var 2 ,} L A
Connection established to GDB server at localhost:2684
Symbols loaded. Ll
Source code loaded. EE|
D] |
Info & Errors )'r GDB Server |

Puc. 26. Bikno nebarepa

31. 3amycTiTh porpaMy Ha BUKOHAHHS y Oe3MepepBHOMY (3€JIEHUN TPUKYTHHK),
a00 TOKPOKOBOMY PEXHMI (3KOBTa CTPLIOYKA) Ta CIOCTEpiraiTe ii BUKOHAHHS.

[lepexonaiiTecs, 1110 YEPBOHI CBITJIOAIONM 3MIHIOIOTH CBIA CTaH BIIMOBITHO [0
CTaHy MepeMUKayviB IPU BUKOHAHHI THCTPYKIIIT
sthio R4, O(R3).

5. Camocriiina podora

3aBnanns 1. /{1 CHHTE30BaHOTO MPOIECOPHOTO siapa po3poliTh mporpamy, ska
BUKOPHUCTOBYE OLUTBIN CKIAAHY 3aJICKHICTH MK KOMOIHAIIEI0 TIEpEeMHUKadiB Ta
TIOCJTITOBHICTIO BKJTIOYEHHS CBITJIOMIONIB (HAIPUKIIA, «BOTHHUK IO OLKUTHY Ta iH.).
VY sikocTi m1abJI0Hy BUKOPUCTOBYHTE HACTYMHUHN Koa MOBOIO C:

#define switches (volatile char *) 0x0002010

#define leds (char *) 0x0002000

void main()

{ while (1)

*leds = *switches;

}
3aBaanns 2. CTBOPITh HOBHM MPOEKT Ta MEPEBIPTE pOOOTY MPOrpaMH, 10 OOUHUCIIIOE
pe3yJIbTaT HAKOMUYEHHsI TOOYTKIB ABOX BEKTOPIB [2].

Dot product = XA(i) x B(1)
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Kon mporpamu HaBeneHo Hrkue. [1osiCHITB, SIK Tpalfoe mporpaMa Ta mepeBipTe ii
BUKOHAHHS Y TIOKPOKOBOMY PEXHMI.

.anclude "nios_macros.s"

.global _start

_start:
moviar2, AVECTOR /* Register 12 is a pointer to vector A */
movia r3, BVECTOR /* Register 13 is a pointer to vector B */
moviar4, N
ldw r4, 0(r4) /*Register r4 is used as the counter for loop iterations™*/
add r5, r0, rO /* Register 15 is used to accumulate the product */

LOOP: 1dwr6,0(r2)  /* Load the next element of vector A */
ldw 17, 0(r3)  /* Load the next element of vector B */

mul 18, r6, r7  /* Compute the product of next pair of elements */
add r5, r5,r8  /* Add to the sum */
addir2,12,4  /* Increment the pointer to vector A */
addir3,13,4 /* Increment the pointer to vector B */
subir4, 4,1  /* Decrement the counter */
bgt r4, r0, LOOP  /* Loop again if not finished */
stw r5, DOT _PRODUCT(r0)  /* Store the result in memory */
STOP: br STOP
N:
.word 6 /* Specify the number of elements */
AVECTOR:
.word 5, 3, -6, 19, 8, 12 /* Specify the elements of vector A */
BVECTOR:
.word 2, 14, -3, 2, -5, 36 /* Specify the elements of vector B */
DOT PRODUCT:
skip 4

BaxxnuBe 3ayBamxenus!!!! Onepayis nepemnoowcenns (mul) niompumyemocs
npoyecoprum saopom Niosll minexu eepciti standard abo fast.

6. KOHTpPOJ/IbHI 3anIUTaHHS.

1. B oMy momsiraroTh 0COOIMBOCTI mporiecopHoro sapa NiosII?
2. Sxy ¢ynkuiro Bukonye moayias JTAG DEBUG?
3. Yuwm BiapizustoThes Exception memory Bin Reset Vector memory?

4. SIx BU3HAUYAIOTHCS CUTHAJIH, IO IICPCAAOThCA 3a MEXI1 npouecopHo'l' cucTeMH?
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2. JlaGopatopHa podora Ne 2.
CrBopenHs BiaacHnx koMnoHeHTIB y Platform Designer Tool

1. Beryn
Platform Designer component — 1€ €JCKTPOHHUM TPUCTPIM, KU
JOCTYITHUN K O10710TeUHUI KOMIIOHEHT g BuKopuctanHs y Platform Designer
Tool. Bonwu, 3a3Buyail, CKIagaloTbCA 3 JIBOX YACTUH: BHYTPIIIHBOI - SKa MICTUTH
ONKC MPUHLUITY [ii, Ta 30BHIIIHBOI — sIKa MICTUTh ONMC IHTEep(dECy [0 IIHHU
Avalon.

OcHoBHi Tumy iHTepdeticiB mmHu Avalon [3]:
1) Avalon Clock Interface — po3nOBCIO)KEHHSI TAKTOBUX CUTHANIB;
2) Avalon Reset Interface — po3nOBCIOJ[)KEHHSI CUTHAITY CKUJJAHHS;

3) Avalon Memory-Mapped Interface (Avalon MM) — intepdeiic, mo 3ade3neuye
BUKOHAHHSI ONEPAliil 3YNTYyBaHHA-3aMKCY 3a aapecamu NpucTpoiB. Takuil iHTEpdeiic
€ TUTIOBUM JIJIs1 apXiTEKTypu master -slave.

4) Avalon Streaming Interface (Avalon-ST) — intepdeiic, MO BUKOPHUCTOBYE
OJIHOCIIPSIMOBAHUM MOTIK JaHUX (MepeaaBad — npuiimay);

5) Avalon Conduit Interface — o0’eqHye yci KOpHUCTYBaIlbKi 1HTepdelcH, Kl He
HaJeXaTh JO IHIIUX TUIIB. MOXYTh BUKOPHUCTOBYBATHUCS JJI CIOJYYEHb 32 MEXH
CUCTEMH, 1110 po3pobuiseTbes y Platform Designer (3 30BHIIIHIMA KOMIIOHEHTAMH).

Byap-sikuii KOMIIOHEHT MO’K€ MIATPUMYBATH O/ipa3y Kulbka 1HTEp(dEHciB pi3HUX
THUITIB, ajie 000B’s13k0BO BiH noBuHEeH MaTu Clock 1 Reset inTepdeiicu.

VY sKocTl mpuKkiany B JaHId poOOTI PO3TISHEMO CTBOpPEHHs jAemudparopa s
CEMHUCErMEHTHOro 1HauKartopa. OKpiM 00OB’S3KOBUX CHUTHaNIB (TIOB’SI3aHUX 3
dbopMyBaHHSIM CUMBOJIIB Ha 1HAUKATOP1), nemmdparop 0yne matu Memory-Mapped
ta Conduit inTepdeticu.

Hwxde HaBeneno xox MoBoro Verilog, mo ommcye 32-6iTHuil perictp (reg32) mis
3aliCy 3HAYCHHS, SIKE MAa€ BiOOpakaTWCS Ha IHAWMKATOPI Ta MOIylb Memory-
Mapped iatepdeiicy (reg32 _avalon_interface) ais criosydeHHs! pericTpy 3 HIMHOIO
Avalon. ToOrto, HaBeaeHHN KOJ OmNUCye 2 MOIYJISA: BIJIACHE pETiCTp Ta OJIOK
iHTepdeiicy perictpa g0 mmHu Avalon. Ocob6nuBicTio muHU Avalon € MOXJIMBICTD
BECTH 3aIHC J0 PETICTPY KOXKHOTO OANTY OKpPEeMO, JJIsl IIbOTO BHKOPUCTOBYETHCS 4-
OiTHUl curHan byteenable.
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module reg32 (clock, resetn, D, byteenable, Q);
input clock, resetn;
input [3:0] byteenable;
input [31:0] D;
output reg [31:0] Q;
always @(posedge clock)
if (resetn)
Q <=32'b0;
else
begin
// Enable writing to each byte separately
if (byteenable[0]) Q[7:0] <= D[7:0];
if (byteenable[1]) Q[15:8] <= D[15:8];
if (byteenable[2]) Q[23:16] <= D[23:16];
if (byteenable[3]) Q[31:24] <= D[31:24];
end

endmodule

module reg32 avalon_interface (clock, resetn, writedata,

readdata, write, read,
byteenable, chipselect, Q export);

// signals for connecting to the Avalon fabric

input clock, resetn, read, write, chipselect;

input [3:0] byteenable;

input [31:0] writedata;

output [31:0] readdata;

// signal for exporting register contents

// outside of the embedded system
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output [31:0] Q_export;

wire [3:0] local byteenable;

wire [31:0] to_reg, from reg;

assign to_reg = writedata;

assign local byteenable = (chipselect & write) ?

byteeenable : 4'd0;

reg32 Ul ( .clock(clock), .resetn(resetn), .D(to_reg),
.byteenable(local byteenable), .Q(from reg) );

assign readdata = from_reg;

assign Q_export = from_reg;

endmodule

s odemanvHo20  pO3YMIHHA — npoyedypu  nepeoadi  OaHUx  PeKoMeHOVYEMO
nosuavomumucs 3 onucom Avalon Interconnect Specifications.

2. Ilopsiiok BUKOHAHHSI POOOTH

1. CtBopiTh HOBHII poekT y Quartus. Ha3BiTh iioro component tutorial. BukoHaiite
BC1 MOTPiOHI HANAIITYBaHHS.

2. Homaitte no mpoekty daitnu reg32.v ta reg32 avalon_interface.v, 3 KOJIOM,
HaBEJICHUM BHIIIC.

3. Biakpuiite Platform Designer Tool.

4. Nonaitte komnonentu Nios II (Classic) Processor ta On-Chip Memory (RAM or
ROM) Intel FPGA IP. Criony4iTh iX sIK 300pa)XeHO Ha puc. 27a Ta HANAIITYITE K Yy
noriepeiHii JabopaTopHii poOoTi. BukoHaliTe aBTOMaTHYHE MPU3HAYCHHS aIPECH.
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Use Connections Name Description

clk_0 Clock Source
= clk_in Clock Input
C clk_in_reset Reset Input
- clk Clock Output
—— T clk_reset Reset Output
E nios2_gqgsys_0 Nios II (Classic) Processor
L 4 > clk \Clock Input
> reset_n |Reset Input
—< data_master \Avalon Memory Mapped Master
—T < instruction_master |Avalon Memory Mapped Master
d_irg \Interrupt Receiver
p— jtag_debug_modul... Reset Output
4 — jtag_debug_module Avalon Memory Mapped Slave
custom_instructio... |Custom Instruction Master
= ondﬂp_memory!_ll!ﬂn—dﬂp Memory (RAM or ROM)
. » clk1 Clock Input
L g » s1 Avalon Memory Mapped Slave
| S — resetl Reset Input

Puc. 27a. Cnoiay4yeHHs] KOMIIOHEHTIB

M8 |p catalog 2 | o [ e
EX E3
Project

W Wew Component...
Library
= Basic Functions
o= Q5P

o= Interface Protocols

o= Low Fower

o Memory Interfaces and Controlle
o= Processors and Peripherals

o= Qsys Interconnect

o= Tri-5tate Components

o= University Frogram

4] I BE

New... | Edit... | o+ Add...

Puc. 276. Bknanka IP Catalog

5. Hapasi HeoOXiHO CTBOPUTH BIACHUW KOMIIOHEHT, SIKHUU Oyne 1T0JaHo 10
npouecopHoro siapa Nios Il. Harucuite New Component na Bxianui /P Catalog
(puc. 276). Binkpuetscs Bikno Component Editor, 3an10BHITH HOTO y BiANOBITHOCTI

10 puc. 28.
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Component Editor - reg32_avalon_interface_hw.tcl*

File Templates Beta Wiew

Compenent Type & | Block Symbol & | Files | Parameters i | Signals & Interfaces % | _ o O
» About Component Type

Name: [reg32_avalon interface |
Display name: |reg32 component |
\ersion: [1.0 |
| 5P |M3.r own IP Cores

Description: | |
Created by: | |
lcon: |

Documentation: Title URL

L[]

Messages & el e
2 To Do: Add HOL files on the Files tab, or add signals on the Signals tab.

‘ Help | ‘ 4 Prev H Next [ | | Finish... |

Puc. 28. Bikno Component Editor

6. HactynmHuii kpok — nogaTtu ¢aiiaum 3 onmucoM KoMmroHeHTa. [lepeiiiTe 10 BKIAIKH
Files. [lonaiite reg32 avalon_interface.v. HatucHiTh kHOTKY Analyze Synthesis
Files. et anami3 noTpiOeH Uisi BU3HAYEHHS BIJICYTHOCTI MOMUJIOK Y OOpaHOMY
daiimi.

7. Takox, momaiite dain reg32.v Ta mpoaHami3yiTe Horo. SIKmio aHami3 BHSIBUTH
MOMWJIKY, BUIIPABTE X 1 MPOBEAITh aHAI13 TOBTOPHO.

8. HatucHits kHOnIKy Copy from Synthesis Files B po3nini Verilog Simulation Files.
[1e Bka3iBKa KOMOUIATOPY OOMpaTH JaHi 175l MOJCIIOBaHHS 3 CHHTE30BaHOTO (haiiy.

9. lami HEOOXiAHO y3roauTH iHTep(eic BIIACHOTO KOMITOHEHTA 3 iHTepdeiicoM muHU
Avalon. Ilepeiinite Ha BkIanky Signals & Interfaces. 3niBa, HaTUCHITH Ha MO
<<add interface>> 1 06epiTb 3 KoHTeKCTHOTO MeHIO Clock Input. IlepersrHiTh
curHai clock[1] 1o HOBOCTBOpEHOTO 1HTEP(EHCY Ta 3MIHITh TUI CUTHAITY (Y IPAaBOMY
BikH1) Ha clk. Pe3ynbTaT 300paxkeHo Ha puc. 29.

29



L]
Name k| Name: |clock
»= avalon_slave_0 Aval ;
=3 (Q_export [32]

Signal Type: |cl1;€

== byteenable [4] b -9-:"."'.-=-b-'-—:' Width: [

=- chipselect [1] ~hipselect

=~ read [1] reac Direction: |input

=3 readdata [32] r
=- resetn [1] begin
=- write [1] write
= wrltedata [32] itedata
L|'|_ :g“‘\:l =

= clack_reset Reset Input
<-<=add signal==

= clock _sink
= clock [1] clk

== ol (A Far e S
cadd intenace=>=

Puc. 29. HanamryBannst curaainy clock[1]

10. Bukonaiite BiAMOBIIHI HANAIITYBAaHHS VIS HIINX CHUTHAMIB. Pe3ynbprar moBuHEH

BimmoBigatu puc. 30.

Mame

= avalon_slave 0 4valon Memory Mapp
C= by’teenable [4] byteenable
= chipselect [1] chipselect
= read [1] read
=0 readdata [32] readdata
= write [1] write
== writedata [32] writedata
==<add signal==

= clock reset Assst Input
= resetn [1] reset n
==add 5"*:“3-"4-'-

= clock sink Clock Input
= clock [1] cli

»= conduit end Conduit
=0 export [32] rezddata

Puc. 30. HanamryBanHs curHasis

11. Tenep mepeinite 1o avalon slave () (BUAUITH HIMHY) Ta y MpPaBOMY BiKHI

3p00iTh HACTYITHI HAJIAIITYHKHU:
Associated Clock = clock_sink
Associated Reset = clock reset

Read Wait = 0
[HITI HaNmAITYBaHHS 3aJIUINTE 32 3aMOBYAHHSIM.

12. BukoHaiiTe HacTyIHI HaJamITyBaHHs 17 muHu clock_reset:
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Associated Clock = clock sink

Hartucuits Finish.

13. 36epexiTh KOMIIOHEHT, KOJIM BUHUKHE BIIMOBITHUIN 3aITUT.

14. Bu mnoBepHynucs 10 rojgoBHOro BikHa Platform Designer. Jlonaiite 1oitHO
CTBOpeHU# KoMIOHEHT. [Ipu momaBaHHI BiIKpUETHCS BIKHO, 300paxkeHe Ha puc. 31.
HarucHite Finish.

reg32_component - reg32_avalon_interface_0

“ reg32_component

megaterss  [2032_avalon_interface

| Documentation

[~ Block Diagram |[¢] (No parameters)

[ ] Show signals

reg32_avalon_interface 0

resat
avalon
clack

canduit

reg32_avalon_intarface

| Cancel || Finish

Puc. 31. Jonanus no npoekrty reg32 component

17. IligkimrodiTh BIACHUN KOMITOHEHT SIK 300pakeHO Ha puc. 32. BcTaHOBITH 6a30BY
anpecy reg32 avalon_interface 0 piBHoro 0, IHIIUM KOMIIOHEHTaM IMpHU3HAUTE ii
aBromatuuHo. s reg32 avalon interface 0 — Conduit end y tpady export
BIIMIIITH f0_hex.
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Use Connections Name Description Enport Clock Base
[¥] B ck 0 Clock Source
(= clk_in Clock Input clk exported
(= clk_in_reset Reset Input reset
1 clk Clock Qutput clk_0
i clk_reset Reset Qutput
[¥] B nios2 qsys 0 Mios Il (Classic) Processor
clk Clock Input clk_0
reset_n Reset Input [clk]
— data_master Avalon Memory Mapped Master [clk]
N E— instruction_master Avalon Memory Mapped Master [clk]
d_irg Interrupt Receiver [clk] IRQ O
et jtag_debug_module_reset|Reset Output [elk]
jtag_debug_module Avalon Memory Mapped Slave [clk] 0x3000
custom_instruction_ma... [Custom Instruction Master
[¥] B onchip_memory2 0 On-Chip Memory (RAM or ROM...
clkl Clock Input clk 0
sl Avalon Memory Mapped Slave [clkl] 0x2000
resetl Reset Input [clk1]
[v] E reg32 avalon_interfac...|reg32 component
clock_reset Reset Input [clock s...
avalon_slave_0 fAvalon Memory Mapped Slave [clock_s...|& 0x0000
clock_sink Clock Input clk 0
< conduit_end Conduit to_hex [clock s...

Puc. 32. Ciony4eHHs KOMIIOHEHTIB

18. 30epexiTh CTBOpEHY cUCTeMy IiJi Ha3Bowo embedded system. OOepiTh MEHIO

Generate — Show Instantiation Template. Bu noGauute BIKHO, ITOKa3aHE Ha pUC.
33.

Instantiation Template

You can copy the example HOL below to declare an instance of unsaved.

HDL Language:

Example HOL
unsaved u@ (
.clk_clk (<connected-to-clk_clk=), i clk.clk
.reset_reset n (<connected-to-reset_reset_n=), £f peseforesel n

.to_hex_readdata (<connected-to-to_hex_readdata=) // to_hex.readdats

| Copy H Close |

Puc. 33. [11aG0H 17151 BUKOPUCTaHHS CUCTEMU

19. 3renepyiite cucremy 1 3akpuiite Platform Designer.

20. Yy Quartus Prime nojanTe bi e} MIPOEKTY (baiin
embedded_system/synthesis/embedded_system.qip (3renepoBaHa cuUCTEMA).

21. Jlami ctBopith 2 (aiimu: component_tutorial.v Ta hex7seg.v. [TomicTiTe 10 HUX
HACTYIHUW KOJ Ta JOAAUTE 1X 10 MMPOEKTY:
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module component_tutorial (CLOCK 50, KEY,
HEXO0, HEX1, HEX2, HEX3);
input CLOCK 50;
input [0:0] KEY;
output [0:6] HEX0, HEX1, HEX2, HEX3,;
wire [15:0] to HEX;

embedded system UO (
.clk_clk(CLOCK 50),
reset_reset n(KEY[O0]),
.to_hex readdata(to HEX)

);

hex7seg hO(to HEX[3:0], HEXO0);
hex7seg hl(to HEX[7:4], HEX1);
hex7seg h2(to HEX[11:8], HEX2);

endmodule

module hex7seg (hex, display);
input [3:0] hex;
output [0:6] display;
reg [0:6] display;

/¥ -0-

*5 |1
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always @ (hex)
case (hex)
4'h0: display = 7'b0000001;
4'h1: display = 7'b1001111;
4'h2: display = 7'b0010010;
4'h3: display = 7'b0000110;
4'h4: display = 7'b1001100;
4'hS5: display = 7'b0100100;
4'h6: display = 7'b0100000;
4'h7: display = 7'b0001111;
4'h8: display = 7'b0000000;
4'h9: display = 7'b0001100;
4'hA: display = 7'60001000;
4'hb: display = 7'b1100000;
4'hC: display = 7'b0110001;
4'hd: display = 7'b1000010;
4'hE: display = 7'b0110000;
4'hF: display = 7°b0111000;
endcase

endmodule

22. BukonaiiTe mnpu3zHaueHHS KOHTakTiB (3 daiiny DE1-SoC.gsf). 3amyctiTh
KOMITUTSIIIO TIPOEKTY.

23. Biakpuiite Intel FPGA Monitor Program. CtBopiTh HOBUM mpoekT. Jyig 2-X
NEePIIUX BKIAJ0K BKaXITh AaHl SIK y MOMEepeaHiil 1abopaTopHiit poOOTi, a Ha BKIA/LII
Specify a program type Bkaxitb No Program.

24. ITicns CTBOPEHHS MPOEKTY, 00epiTh MeHIO Actions — Connect to System.
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25. Tlepeninite no Bkianaku Memory Tab ta HatucHiTh Refiresh. O0epiTh anpecy
0x0000. Briumnite y 10 KoMipky 3HadeHHs1 Ox1234579d. Cniocrepiraiite pe3yiabTar
Ha IIJI1aTI.

3. CamocriiiHa podoTa

3aBnanns 1. [foomnpairtoiite mpoeKT TaKUM YUHOM, 11100 OyiH 3a/isiH1 BC1 IIICTh CEMHU
CErMEHTHMX 1HAMKATOPH, siki po3tamoBaHi Ha miati DE1-SoC. IIpogemoHncTpyiite
poOOTYy MPUCTPOIO.

3apmannsa 2. JloompalfoiiTe MNpPOEKT TaKuM YMHOM, I0OM Oylia MOXJIUBICTH
MPOrPaMHOTO KEPYBaHHS BiJOOpa)XKCHHSIM 3HAYEHHS HAa CEMH CETMEHTHHX
1HIMKaTOpaX. 3HAYCHHsI MOBUHHO 3aJlaBaTH 3a JOMOMOTIOI0 MEpeMHUKadiB Ha TUIaTl
DE1-SoC. IlpogeMoHcTpyiiTe poOOTY IPUCTPOIO.

4. KoHTpOJIbHI 3anIMTAHHS.

1. Sxi ocHOBHI TUTH 1HTEpPeEiciB muHU Avalon?

2. SIki royioBHI CUTHAJIN BUKOPUCTOBYIOTHCS B MIMHI Avalon-MM?

3. Slke cepenoBHIlle BUKOPUCTOBYETHCS JIJI HAJAIITYBAHHS BIACHOTO
KOMIIOHEHTA?

4. Sk BinOyBaeThCs MOEAHAHHS KOMIIOHEHTIB Y cepenoBuilll Platform Designer?
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3. JlaGopatopHa podora Ne 3.
Anpo ARM. OcnHoBu po6oru y cepenoBuiui Intel FPGA Monitor Program

1. Beryn

Hardware Processing System — 1e BOynoane y IUIIC ARM-sapo 3
BIacHOIO Tmepudepiero. BUKOPUCTOBYeTbCS TOMy, IO TMpaIloe BOHO HabaraTo
IIBU/IIIE, HIXK si7pa, cuHTe30BaH1 Ha FPGA.

3acrocyiite Intel FPGA Monitor Program s HamamTyBaHHS MpPOTpaMu,
Hanucanoi juist HPS. YV nmanomy omuci posrasinyto po6oty Intel FPGA Monitor
Program 13 mnatoro Terasic DE1-SoC [4].

2. ITopsaioK BUKOHAHHA PO0OTH
3aBanTaxrte 3 odimiitHoro caity Intel FPGA nonoBuenns University Program
Ta BCTaHOBITh Horo. Cepen WoOro KOMIOHEHTIB 3HaxonuThkcsi Intel FPGA Monitor
Program. IHCTpyKIis 10 BCTAaHOBJIEHHS Ta 3alyCKy L€l IPOrpaMu 3HAXOIUTHCS
BCEpE/IMHI 3aBaHTAXEHOI0 apXiBy [5].

1. 3anycrits Intel FPGA Monitor Program.

2. O6epite MeHw File — New Project. 30epexiTb MNPOEKT y AUPEKTOPIi
Monitor_Tutorial/tutoriall. O6epith apxitexktypy ARM Cortex-A9 (puc. 34).
Harucuite Next.

New Project Wizard

Specify a project name and directory

Project directory:

/allprojects/altera/Monitor_Tutorialftutoriall | [EBrowse... |

Project name:
[tutoriall |

Architecture:  |ARM Cortex-AS3 v|

Project directory does not exist. The new project directory, "Monitor_Tutorialftutoriall/”, will be created in "fallprojects/a

T

(=] [cancel]
Puc. 34. Bknanka Specify a project name and directory

3. Ha Bxmammi Specify a system y MuHynux poOOTax BKa3yBajdu BIIACHOPYY
ctBopeny cucremy. llporo paszy ykaxite DEI-SoC Computer. Takox
JOCTYITHI CX0K1 KOMIT 1oTepu il 1HmmX miat cepii DE, <Custom System> —
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y>Ke 3Halioma BaM (hyHKIIisl CTBOpEHHS BiacHOi cucteMu, Ta ARM Cortex A9
System — 11 BuUKOpUcTaHHs Oy/i€ TOCTYIHOIO Juiie [HPS yacTuHa uuity.

4. HeoOxigni SOPCInfo- ta SOF-(daitni miaTaraHyTbcsi aBTOMATHYHO. Takox
aBToMaTU4HO obOepetbes Preloader = DEI-SoC. Y wmunynux poOotax
BkazyBasin Preloader = not Required (ue 6yno aist Nios 1), ane 1jisi cuctem,
1110 MicTITh HPS, BiH € 000B’I3KOBUM.

Pesynbrar MoxHa mo6aunTH Ha puc. 35.

5. Harucuite Documentation cupaBa Bin oOpanoro DEI-SoC Computer.
3aBaHTaXUTHCS JOKYMCHT

DE1-SoC_Computer ARM.pdf, y ssikoMy omnucaHa CUCTEMa, 3 SIKOIO OylIeMo
3apa3 mpaloBaTH.
New Project Wizard

Specify a system

Select a system
|DE1-SoC Computer '} | Documentationl

This system, called the DE1-SoC Computer, is intended to be used as a platform for experiments in computer
organization and embedded systems. To support these experiments, the system contains a number of
components: a processor, memory, and some simple /O peripherals.

System details
System description file {(SOPCInfo):

Iniversity Program/Computer Systems/DE1-SoC/DE1-SoC_Computerfverilog/Computer_System.sopcinfo
FPGA programming (SOF) file:
L8/University_Program/Computer_Systems/DE1-SoC/DE1-SoC_Computerfverilog/DEL_SoC_Computer.sof

|The SOF file represents the FPGA programming file for the hardware system. If it is specified here, then the
|Momtor Program can be used to download this programming file onto the board. Otherwise, the system will
|need to be downloaded using some other method (for example, by using Quartus Il).

Preloader

| =< Elack‘ Next = | CanceIJ

Puc. 35. Brianka Specify a system

6. Osnaifomtecs 3 cuctemoro. [lornsupTe Ha 300pakeHHs y NOKyMEHTI figure 1
— Omok-cxemy cuctemu (puc. 36). Osznaitomtech 3 ommcom DEI-SoC
Komn’romepa.

[Ticns o3HAMOMJIEHHA 3 CHCTEMOIO 3aKpUHTE ONUC Ta NEPEeaiTh A0 BUKOHAHHA
HACTYMHUX KPOKIB.

7. Bu 3ynuHunucs Ha BKIaaul Specify a system. HatucHith Next.
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Host computer
maun — e
DE1-SoC Lﬁ LIoR 'JTL' ]

; Blaster Audio VGA ™
Peripherals .
R Board copec| | pac | |Decoder
ARM ) - e : ;
Poits Cortex A9 JT::tG | NiosTI Audria \-Jdeo—lout \ndetrnl—m Psf.
MPCore ports ) po por po ports
FPGA Bridges
Cyclone V Cyclone V A%
Timers HPS Timers FPGA On-chip
memory
Port Port DDR3 Parallel Parallel Port SDRAM Port Parallel
port ports ports port ports
T I DDE3 I LEDR SDRAM I .
G-Sensor LEDG chips SWy _ 20 chip IrDA Expansion
KEY KEY HEXS-HEX0 ADC ports

7-Segment

Puc. 36. bnok-cxema DE1-SoC Computer

8. Ha Bxnaami Specify a program type MOXIHBO 00paTH OAHY 3 HACTYITHUX

OIIIIIIA:
Assembly Program — miporpama HarmrcaHa MOBOIO Acemouiep;
C Program — nporpama Hamnrcaia MoBoro C;
AXF, ELF or SREC File — BUKOpUCTAaHHS B)X€ CKOMIIIbOBAHOI POTPaMU;
No Program — i’ eJHaHHSA 10 CUCTEMHU 0€3 3aBaHTaXEHHS IPOrpamH,
BUKOPHUCTOBYETHCS IS O€3MocepeIHboi podoTH 3 mepudepiero.

9. Lporo pazy obepite Assembly Program. Taxoxx mocTaBTe rajiouky y rpadi
Include a sample program with the project, Bona noctynHa Tiabku 1 DE-X
Computer Ta HEe TOCTYIIHA ISl BJIaCHOPYY po3poOsieHux cucteM. O0epiTh
PUKJIaJ POTpaMu i Ha3BOw simple program. BoHa nepeHOCUTH CTaH

NepeMUKaviB Ha CBITIOA10/IU. puc. 37 MOKa3ye, Ik Ma€ BUTJISIATH BIKHO.
Hatucuith Next.
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New Project Wizard

Specify a program type

Program Type: |Assemb|y Program =

Lets you specify a program written in assembly language.

Include a sample program with the project

Select a sample program
Simple Program This program demonstrates the use of parallel ports.
Arm AS Generic Interrupt
Getting Started
Arm AQ Timer Example
TAG UART It displays the SW switch values on the LEDs
Interrupt Example

= Back | Cancel

Puc. 37. Bknaaka Specify a program type

10. Ha Bxmammi Specify program details noxazani BuxinmHi ¢aiinu, sxi OyayTb
BUKOPHCTaHI y MpoeKTi. BoHu aBTOMaTn4yHO OyayTh JOJaHI y AMPEKTOPIIO BaIIOTO
npoekTy. TakoX, MOXJIMBO JOJATH BJAcHI (ailmu, A Uporo Tpeda HATUCHYTH
KHOTIKY Add Ta o6partu ui daitnu. 3apa3 boro pooUTH He MOTPIOHO.

Kpim Toro, Ha miil BKJIaaIl BKazaHo, IO IMepiia KOMaHJa IPOrpaMu MOYUHAETHCS 3
MiTKH _start (puc. 38). HatucHiTh Next.
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New Project Wizard

Specify program details
Source files
First source file is used to determine the name of the binary program file.

simple_program.s | Add... |
address_map_arm.s

| Remove |

Down

Program options
Start symbol: | _start

Source files highlighted in blue are sample program files, which will be created in the project directory.

Puc. 38. Bknaaka Specify program details

11. Bxnanky Specify System parameters Hanamtryire sk Ha puc. 39.

Host Connection MicTUTh JOCTYIHI AJis N1’ €IHAHHA 3 BAIIOrO KOMIT I0T€pa IUIATH.
OO0epiTh Bamly 1UIaTy, BOHA Ma€ OyTH €IUHOIO y CIUCKY. SIKIIO CIHUCOK MOPOKHIM,
niakmodiTe DE1-SoC no komm’rorepa Ta HaTUCHITH Refresh.

Processor — CIHCOK TMPOIIECOPIB, IO JOCTYIHI MOTOYHOMY MpoekTy. OO0epiTh
ARM A9 HPS arm_a9 0.

Terminal Device — BuOIp NpUCTPOIO, HA KU OYyIyTh MEpelaBaTUCS CIHOBIIICHHS
nporecopoM. O0epitb JTAG UART for ARM 0.

HartucHite Next.

Specify system parameters

System parameters

Host connection:|DE-SoC [3-1] vl Refresh ‘
Processor: |ARM_A9_HPS_arm_aQ_0 -‘
Terminal device: [[TAG_UART for ARM_O -

Puc. 39. Bknaaka Specify System parameters
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12. Ha Bxnanui Specify program memory settings (puc. 40) mae 3a 3aMOBYaHHSIM
oytu oOpaHo Basic y rpadi Linker Section Presets. 1]1 Bkiagka IOKa3ye
PO3MOALICHHS 1TaM’aTi. J{oCTyIHI BapiaHTH:

Basic mode po3miiye .text — 06y1acTh mporpamMu — rnmourHarouu 3 agpecu 0x0000.

Interrupt / Exceptions mode posminye .text nounHaroun 3 agapecu 0x0040, a
aapecauit mpoctip 0x0000 — 0x003F 3aifHsTO .vectors — TabIUIICI0 BEKTOPIB
TiepepuBaHHS.

Specify program memory settings

Memory options

Here you can specify section names and their start and end addresses. These sections will be used by the
linker to place code and data at the specified addresses. To ensure correct use of the section names by the
linker, the names must match those identified by the assembler directives, such as .text.

Linker Section Presets:  |Basic -

Section Name | Memary Device Address Range |

.stack ARM_DDR3_SDRAM Ox3FFFFFFB - Ox3FFFFFFF

<_Eack| |_ Save |_Cance||

Puc. 40. Bknanka Specify program memory settings

3arajoM, BH MOXETE€ 3MIHUTH PO3MOJLI MaM STl 3a BJIACHUM po3cynoM. MoxkHa
J0JIaBaTH BJACHI PO3JLIM Ta 3MIHIOBATHM PO3TAllyBaHHS B)KE ICHYIOUMX. 3BEPHITH
yBary - pO3AUIM MOXYTh 3HaXOAUTUCh HA PI3HUX IMPHUCTPOSAX, SK B CEPEIHHI
MIKPOCXEMHU, TaK 1 3a ii MeKaMHu.

13. Hatucuite Save / Finish s 3aBeplIeHHS CTBOPEHHSI HOBOTO IIPOCKTY.
3 SIBUTHCS 3allUTaHHA, YA XOYEeTe BU 3aBaHTAXKUTU Bairy hardware-cucremy (To0TO
DE1-SoC Computer) no I1JIIC 3apa3 (puc. 41). [loroaprecs.

Bu Moxere 3aBaHTaXUTH CHCTEMY Yy OYIb-IKHH MOMEHT 3a JOIOMOI'OI0 MEHIO
Actions — Download System.
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Download System - Prompt

Would you like to download the system associated with this project onto the board?
* If so, make sure that the board is connected via the correct cable and is powered up.

[ yes [[ wo |

Puc. 41. 3aBaHTaxeHHS CUCTEMU

14. Ilicms ycHimriHOTO 3aBaHTaXEHHS CHUCTeMM BiKpueThcsi BikHO Intel FPGA
Monitor Program — tutoriall, six 300paxeHo Ha puc. 42.

Axmo BM xoueTe e pa3 mneperdsiHyTd gokymeHTauiro Ha DE1-SoC Computer,
HaTUCHITL View/edit the system settings (KHONKa 3 OJaKUTHOIO MIKTOIPAMoOI0) ,
00epiTh BKIAIKY System Settings Ta HATUCHITH KHOTIKY Documentation.

15. Bigkpuiite nupexkropito Monitor Tutorial/tutoriall (IupeKkTOpit0 MPOEKTY) Ta
JOCIIITh ii BMICT. BoHa micTuTth 4 (aiinu:

Intel FPGA Monitor Program - tutorial1
File Edit Actions Windows Help

O @e B
Disassembly - ¥ | Registers e

Hide ||| | Reg Value]

|4/

[« o
Disassembly | Breakpoints / Memory / Watches | Trace |

Terminal - % | Info & Errors =
DD IETVET CUNIEC LI TET I tey

Successfully executed the HPS preloader.

cd sallprojects/altera/Monitor_Tutorialstutoriall/; make com

make: *** No rule to make target 'compile'. Stop.

Could not query JTAG Instance IDs.

Please ensure the FPGA has been configured using the correct [

[E1F

N 2]
Info & Errors | GDB Server /|

Puc. 42. Bixuo Intel FPGA Monitor Program — tutorial 1

address_map arm.s — Qaitn MmoBoto AcemOiep, 10 MICTUTh OIKC MPOCTOPY MaM ATi:
3a SKMMH aJpecaMM 3HaXOIATbCS JHWHAMIYHA I1aM’SiTh, PETICTpU JOCTYIY JI0
CBITJIOZIOMAIB, TalMepiB, KHOIMOK, Tomo. He MICTUTh KomaHA g BUKOHAHHS,
MIJKITI0YAETHCS 10 TIPOCKTY SK (paiiii-3arosioBOK;

simple _program.s — HanvicaHWii MOBOIO AcemOJiep BXiTHUH (aiin;

makefile — 1e CKpuUNT I KOMMOUIALII Ta KOMIIOHYBaHHSI TMPOEKTY, Ha BXOJIl
orpumye header- Tta source-¢aiinm, Ha BUXOJl Te€HEPyeTbCA OlHApHWM (aiin, SKuid
MOXKHA 3aBaHTAXUTH 10 MPUCTPOIO (I KPOC-KOMOUIALIL, SIK Y JAHOMY BHUIIAIKY),
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ab0 BUKOHATH (Y BUMNAJKY, KOJU MporpaMa Mpu3HauYeHa JUisi BAKOHAHHS Ha BallIOMY
x I1K);

tutoriall.amp — e ¢aiin 3 ONMKMCOM MPOEKTY, 10 MICTUTh HaJAIITYBaHHS, SIK1 OyJIn
BHECEHI 111 YaC CTBOPEHHS MPOCKTY.

16. IToBepHiThest 10 Monitor Program. Cxomnuttoite mnpoekT. s mporo ooepith
MeH Actions — Compile. Crioctepiraiite 3a noBiioMJeHHsMU y po3aui Info &
Errors.

CripoOy¥iTe BUTIPaBUTH yCi TOMIJIKH CAaMOCTIHHO.
SKki110 y Bac BUHUKJIM TaKi TOMUJIKU:

- make: *** No rule to make target 'clean’. Stop.
- make: *** No rule to make target 'compile’. Stop.

TOM1 BiAKpUiiTe makefile, 3HaliIITh HACTYIIHI CTPOKHU:

COMPILE: simple program.srec
CLEAN:

Ta 3amiHITh ciioBa COMPILE ta CLEAN BenvukuMu JiTepaMu Ha compile ta clean
MaJIeHbKUMH JIITepamu.

17. 3aBantaxre nporpamy Ha DE1-SoC, mist iboro o0epith MeHio Actions — Load.
Takox Bu Mokere BUKOpucTOBYBaTH (yHKII0 Compile & Load nns xommnusamii Ta
3aBaHTaKEHHS 0JIpa3y.

Biakpuerbcs BikHO, 300paskeHe Ha puc. 43.

VY BiKHI cIipaBa B1JI00pa)Ka€eThCs MEPETiK PETICTPIB Ta X MOTOYHI 3HAYEHHS, 3711Ba —
BIKHO Ju3aceMOiepa, ike MICTUTh MAlllMHHI KOJHU Ta CTPOKU MPOrPaMu, BiJIITOBITHO.
JKoBTHM KOJTEOPOM BHIIJIEHA CTPOYKA KOy, Ha Kl 3yMTUHUBCS MPOIIECOP.

18. Jlmsa 3amycKy Ta Hajaro/KeHHS MPOrpaMH iCHYIOTh HACTYIHI MOKJIMBOCTI Y
MEHIO Actions:

Single Step

Step Over Subroutine
Continue

Stop

Restart

Reset System
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Intel FPGA Monitor Program - tutorial1 : simple_program.srec [Paused] =
File Edit Actions Windows Help
G @+ & Pdbd 2005 O
Disassembly - x| Registers oy
Goto instru(tiun‘AddrESS (hex) or symbol name:| | Go Hide _Pﬂ_|m
8 z — I [pc 0x00000e00
[=]f |re xFFFFFFFF
rl BxFFFF139C
.include "address_map_arm.s" r2 0x00000001
— r3 OxFFFEFCO0
SERRE i ra ExFFFFBCI8
) - rs XFFFF4ADC
N LOR Rl, =LED BASE /* Address of red LEDs. */ i ExB0900076
start: r7 OxFFFFFE14
O0xB0000000  FSOF100 ldr  rl, [pc, #12] ; 14 <ICCEDTR+Oxd> ré OxFFFFSECE
LDR, RZ, =9 BASE  /* address of switches. #/ re 9x000E0003
Ox00000004  ESOF200 1dr r2, [pc, #121 ; 18 <ICCEOIR+x5> rlg [epdelelelelelelen]
= |ri1 OxFFDO2000
LOoR: =t (r2 0x000EEE1C
LDR. R3, [R2] /¥ Read the state of switches. */ sp OxFFFFaCEs
LOOR: g OxFFFF1358
OxODO00008  ES022000 1dr r3, [r2] cpsr 0x200001D3
STR R3, [R1] /* Display the state on LEDs. */
[epieleiclolelelelng ESE13000 str 3l
B LOoP
Oy 30000010 b 3 <LOOP=
OxERE0e014 word Gxff200000
Ox00e00018 word gxff200040
Ox3000001C 7
[eFi{elelelolcleelc RN ] I ||
0x00000024 00000000 22 E
[4] I
Di mbly }r Breakpoints I lemory | Watches jrr Trace f
Terminal ar | Info & Errors =
JTAG UART link established using cable "DE-SoC _I UG halted at Ox 3 =
[3-1]", device 2, instance GxG2
]

Puc. 43. Bikuo Intel FPGA Monitor Program miciist 3aBaHTaXeHHS TPOrpaMu

Takox I_Ii KOMaHIH1 BUHECCHI Ha ITaHEIb iHCTpYMGHTiB. HpI/I3Ha‘-I€HH5[ oOHUX KOMaH/ €
O4YCBH/HHUM.

19. Jochiaith poOOTYy TpOrpamu, BUKOHYIOYHM il MOKPOKOBO Ta 3aIlyCTUBIIHU ii
koMaH10t0 Continue. [1oscHITH pOOOTY TIporpamu.

3. CamocriiiHa podoTa

3aBnanns 1. 3reHepyiiTe Ta BUKOHAWTE IMEPEBIPKY MPOEKTY AJi MPUKIALY
Getting Started. [losicHTb, sIK mpaltoe Mporpama.

3aBnanHs 2. 3reHepyiTe Ta BUKOHAWTE MEPEBIPKY MPOEKTY A NPHUKIALy
Interrupt Example. IlosicHiTh, sk mpaitoe nporpama.

3aBnanns 3. 3reHepyiTe Ta BUKOHAWTE IMEPEBIPKY MPOEKTY AJi MPUKIALY
ARM A9 Timer Example. [TosicHiTS, sik ipalftoe mporpama.

4. KOHTpOJIbHI 3anIUTAHHS.

1. o take Hardware Processing System’! Uum BoHa BIPI3HAETHCA Bijl
nporieccopHoro siapa NioslII?

2. SIxi KOMOOHEHTH BXOAATh 10 cknanxy DEI-SoC Computer?

3. Slki TunM mporpaMHOro 3a0e3nedYeHHs MiATPUMYIOTHCS MPOIECCOPHOIO
CHUCTEMOIO?

4. Slki BapiaHTH pO3MOILTY TTaM’ STl JOCTYITHI TPOLIECOPHIN cUCTEM1?
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4. JlaGopatopHa podora Ne 4. HanamryBanus sigpa ARM y cepenosumi Intel
FPGA Monitor Program

1. Beryn

Mera 111€1 1abopaTopHOi pOOOTH — HABUUTHCS CAMOCTIMHO HaIaIlITOBYBAaTH
npouecopHe s1ipo ARM. [1o3HallOMUTHCH 3 apXITEKTYPOIO sS/ipa MOKHA 3a
HACTYITHUM MOCHUJIAHHSM:
https:/ftp.intel.com/Public/Pub/fpgaup/pub/Teaching_Materials/current/Tutorials/AR
M_A9 intro_intelfpga.pdf .

Kpim TOro, no mnpouecopHoro sjapa OyIyTb JOJlaHI KOMIIOHEHTH, IO
CUHTE3YIOThbCcsl Ha JjoriyHux komipkax FPGA, ta mnoennyrotecs 3 ARM 3a
nornoMororo crierianbHux ka"anmiB 3B’s3ky (LWH2F — Lightweight HPS-to-FPGA
bridge).

Ha 3aBepuieHHs, 1isi CHHTE30BaHO1 CUCTEMH Ha KpHUCTali, Oyne po3pobiieHo Ta
NEPEBIPEHO BIAMOBIIHE IPOTrpaMHe 3a0€3MEUEHHS.

2. IlopsiioK BUKOHAHHS POOOTH
1. CtBopiTh y cepenoBuii Quartus Prime HoBuit poekt. st boro:
- BCTaHOBITH p000TY AUPEKTOPIIO MPOEKTY;
- BKQXITh Ha3BY MPOEKTY — COMp_arm;
- 00epith Tum Mikpocxemu - SCSEMASF31Cé6.
2. Honaiite 10 mpoekty dainu comp arm.v Ta hex7seg.v. Buznaute ¢aiin
comp_arm.v (ailioM BEpXHbOTO PIBHS 1€papXii.

3 Binkputite cepenoBuiie QSys.

4, [lepen moyaTkoM CTBOPEHHSI HOBOI CHUCTEMHU BUAaNiTh KoMioHeHT Clock
Source.
5. V BikHi IP Catalog o6epits 3 nanku University Program — Clock mMoayns

System and SDRAM Clocks for DE-series Boards ta nopaiite Horo 10 NpOEKTY.
[le#t Mmomynb A03BOJISIE Bipazy 3poOUTH HEoOXimH1 miakmtoueHHs Onoky PLL, mio
BUKOPHUCTOBYETHCA /I (popMyBaHHS TakTOBUX curHaMiB Ha uiati DE1-SoC.

6. 3poOITh JIsl HOTO HAJIAIUTYBAHHS y BIANOBIAHOCTI 0 puc. 44
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https://ftp.intel.com/Public/Pub/fpgaup/pub/Teaching_Materials/current/Tutorials/ARM_A9_intro_intelfpga.pdf
https://ftp.intel.com/Public/Pub/fpgaup/pub/Teaching_Materials/current/Tutorials/ARM_A9_intro_intelfpga.pdf

o — e —— —

“ System and SDRAM Clocks for DE-series Boards Intel FPGAIP
Mogeters’ altera_up_avalon_sys_sdram_pl Documentation
[* Block Diagram | || [+ Settings
7] Show signals Reference dock: 50.0 MHz
Desied System dodk:  100,0 Mz
System_PLL DESeriesBoard: | pE1S0C =
ok | e sys oty

ef_reset st clock sdram, c\!
st reset_source
aftra_up_avalon_sys_sdram _pil

‘@ Info: System_PLL: Refck Freq: 50.0

Puc. 44. HanamryBanus 610Ky opMyBaHHSI TAKTOBUX CUTHAIIIB

7. Jomaitte mo cuctemu mpomecopHe sapo. s nporo, y Bkimamii IP Catalog

8.

(BKIIa7Ka 3HAXOAUTKCS 3iiBa y BikHi Platform Designer Tool) oGepith Library
—  Processors and Peripherals — Hard Processor Systems —
ArriaV/CycloneV Hard Processor System Ta HaTUCHITH KHONKY Add.

Biakpuerbcs BikHO 300paskeHe Ha puc. 45.

Arria V/Cyclone V Hard Processor System
o i —

[ okckDogam | -] presets
FPGA Interfaces | peripheral Pins F
R [ PeripheralPrs | £PS Clods | soRAM | .
[+ General | e I
ARII_A9_HR || ] Enable MPU standby and event signals = | | cickNewn o aeateapreset, |l
brary
e 7] Enable general purpose signals S ST
7] Enable Debug APB interface: = ® ELPIDA EDJ5303BASE-BC
# JEDEC DDR2-1065 256VB XS
e Enable System Trace Macrocell harchiare events. T b s
o [ Enable FPGA Cross Trigger Interface & EDECTOR2.400 25 X8
2xi_clocl % JEDEC DDR2-400 512MB X8
e e 7] Enable FPGA ce Unit ‘% JEDECDDR2-533 256MB X8
2w g Enable FPGA ite FPGA Interface 8 - EDEGDOR2 333 510 X8
 JEDEC DDR2667 256M8 X8
n g0 ] Enable boot fiom fpga signals ® JEDEC DDR2-667 512MB X8
 JEDEC DDR2-600 2568 X8
ikl [Blgata s % JEDEC DDR2-800 512MB X8
. . 1688
2 o & JEDEC DDR3-1066E 2GB X8
FRESTR R s4bit v | ® JEDEC DDR3-1066E 5128 X8
HPS-t0-FPGA interface width: bt v '® JEDEC DDR3-1066F 1GB Y8
Lighteight HPS-to-FPGA nterface width: (320t | 9 EUECOOKS lboy X0 8s
L J  JEDEC DOR3-A066F 5128 X6
[* FPGAto-HPS SDRAT Tnterface 5 e
. 28
Clck the '+ and " buttons to add and remove FPGA-to-HPS SDRAM ports o JEDEC DDR3-10666 51248 %6
& = i  JEDEC DDR3-1G4 1688
e e - % JEDEC DDR3-1G4 2GB X8
 JEDEC DDR3-1G5 1688
# JEDECDDR3-1G5 2688
% JEDEC DDR3-600D 168 X8
# JEDEC DDR3-800D 268 18
 JEDEC DDR3-600D 51208 X6
# JEDEC DDR3 800 1688
= -
< = ] vl = ] 5 Apply Update. Delety

'g: ARM_A9_HPS: "Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.0 MHz, but only achieved 97368421 MHz
'g: ARM_A9_HPS: "QSI k frequency” (desired_gspi_clk_mhz) requested 400.0 MHz, but only achieved 370.0 MHz

. Warning: ARM_A9_HPS: or more output cock f o

© Info: ARM_AS_pS: HpS Main setingsin —om =73

Puc. 45. HanamryBanHs npouecopHoro sijapa ARM

Ha cropiami FPGA Interfaces BUKOHaWTEe HAJAIITYBaHHS y BIAMOBITHOCTI 110
puc. 45 —47.
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R e T . S |
“ Arria V/Cyclone V Hard Processor System
Mogucers’

altera_hps Bocumentation

* N Presets
] Som s FPGA Interfaces | Peripheral fins | HPS Clocks [ SDRAM M=
[ General roject
ARM_A9_HA||  [F]Enable MPU standby and event signals. 3 Clk Mew... o aeste apreset. |
("] Enable general purpose signals P ——
feonauit—~cor [P rbie Db Aot e it ELPIDA EDJ5308BASE-5C

Enable System Trace Macrocel hardware events JEDEC DDR2-1086 512M8 X8

JEDEC DDR2-400 256MB X8
JEDEC DDR2-400 512VIB X8
JEDEC DDR2-533 256MB X8
JEDEC DDR2-533 512VB X8

[ Enable FPGA Cross Trigger Interface

[ Enable FPGA Trace Port Interface Uit

[ Enable FPGA Trace Port Alternate FPGA Interface

JEDEC DDR2-667 256MB X8
7] Enable boot from foga sinals JEDEC DDR 2-667 512VB XB
ik e JEDEC DDR2-800 256ME X8
— Elenabie niertace JEDEC DDR2-800 512MB X8
JEDEC DDR3-1066€ 168 X8

[ AXi Bridges

JEDEC DDR3-1066E 268 X8
JEDEC DDR3-1066E 512ME X8
JEDEC DDR3-1066F 168 %8
JEDEC DDR3-1066F 26B X8
JEDEC DDR3-1086F 512MB X8
JEDEC DDR3-1066G 1GB X8
JEDEC DDR3-1066G 2G5 %8
JEDEC DDR3-1086G 512VE X8
JEDEC DDR3-1G4 1GB X8
JEDEC DDR3-1G4 2GB X§
JEDEC DDR3-1G6 1GB X8
JEDEC DDR3-1G6 2GB X8
JEDEC DDR3-800D 168 X8
JEDEC DDR3-800D 2B X8
JEDEC DDR3-800D 512V X8
JEDEC DDR3-80DE 1GE X8

FPGA-to-HPS interface width:
HPS-to-FPGA interface width:

Lightueight HPS-to-FPGA interface width:

= PRt PS SDRAH Taterfoce

Click the '+ and ' buttons to add and remove FPGA-to-HPS SDRAM ports.

Name Type Width

besssssscssssssonsssssssssssscse

—— L A i |
Bl = ] il i = ] prly | | Update || Delety

/4, Warning: ARM_A9_HPS: "QSPI clock frequency” (desired_gspi_clk_mhz) requested 400.0 MHz, but only achieved 370.0 MHz

1\, Warning: ARM_A9_HPS: 1or more output clock frequencies cammot be achisved predisely, consider revising desired output dock frequendies.
@ Info: ARM_A9_HPS: HPS Main PLL counter settings: n =0 m = 73

@ Info: ARM_AS_HPS: HPS peripherial PLL counter settings: n

‘ /1, Warning: ARM_AS_HPS: "Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.0 Mz, but only achieved 97.368421 Mz

Puc. 46. HanamryBanHs npouecopHoro sjapa ARM

m Arria V/Cyclone V Hard Processor System
Megators'

altera_hps
F 7 [~ HPS-to-FPGA # | presets
] Show sigres 7] Enable CAN interrupts & |
[] Enable dock peripheral interrupts roject t
ARM_AZ_HF Wi Click New... to reate & preset.
5 iorary
h_stm_hw_everts (7] Enable DMA interrupts ® ELPIDAED]1103BASE-SC
o @ ELPIDA EDJS308BASE-SC
ps_io ] Enable EMAC interrupts (for EMACO and EMACT) & JEDEC DOR2-1086 256MB X5
2 _axi_clock [ Enable FPGA manager interrupt @ JEDEC DOH2-4066 512MD 28
® JEDEC DDR2-400 256MB X8
AT ] Enable GPIO interrupts ® JEDEC DDR2-400 512 X8
h_ai_slave [7] Enable I2C-EMAC interrupts (for 12C2 and 12C3) & : ;:EE 522?22 ﬁx: ::
121_w_gxi_clock [ Enable 12C peripheral interrupts (for 12C0 and 12C1) = ‘# JEDEC DDR2-667 256MB X8
h g0 ® JEDEC DDR2-667 512MB X8
(] Enable L4 tmer interrupts 1 sy
h_irg1 (] Enable NAND interrupt ® JEDEC DDR2-800 512MB X8
. ® JEDEC DDR3-1066E 168 X8
(] Enable OSC timer interrupts e
] Enable Quad SPT interrupt -+ @ JEDEC DDR3-1066E 512MB X8
# JEDEC DDR3-1066F 168 X8
] Enable SDMMC interrupt # JEDEC DOR3-1066F 2GB X8
(7] Enable SPI master interrupts ® . JDECOORS l0og SEAE X0
# JEDEC DDR3-1086G 1GE X8
] Enzble SPI siave interrupts -+ JEDEC DOR3-1066G 2GB X8
] Enable UART interrupts ® JEDEC DDR3-1086G 512VE X8
® JEDEC DDR3-1G4 1B X8
[] Enable USE interrupts ® JEDEC DDR3-1G4 2GB X§
-+ & JEDEC DDR3-1G6 1GB X8
] Enable watchdog interrupts i e
P ® JEDEC DDR3-800D 168 X8
e ® JEDEC DDR3-800D 268 X
[ Enable EMACO Precision Time Protocol (PTP) FPGA Interface - & JEDEC DDR3-800D 512V X8
[ Enable EMAC L Precision Time Protocol (PTP) FPGA Interface . ETEC DOR 2000 1683
i aa— +ke - | s [ aeply | [ update.. ][ Deletd

/4, Warring: ARM_AS_HPS: "QSPI clock frequency” (desired_qspi_clk_mhz) requested 400.0 Mz, but only achieved 370.0 Mz
/4, Warning: ARM_AS_HPS: 1 or more output dock frequencies cannot be achieved predsely, consider revising desired output dock frequencies.
@ 1nfo: ARM_A9_HPS: HPS Main PLL counter settings:n =0m = 73

“ 1., Warning: ARM_A9_HPS: "Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 1000 MHz, but only achieved 97.368421 MHz

Puc. 47. HanamryBaHHs npouecopHoro sjapa ARM

9. Ilepelimite no cropinku Peripheral Pins Ta BHUKOHAWTE HalaIITyBaHHS

nepudepitHuX KOMIIOHEHTIB MPOIIECOPHOTO S/Apa Y BiAMOBIAHOCTI 10 puc. 48
—50.
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Arria V/Cyclone V Hard P

“ Arria V/Cyclone V Hard Processor System
w32 s

= — 4[] presets
7 Shom sigrals FPGA Intrfoces | Pereh 0y
[ Ethernet Hedi roject
ARM_A9_HE|| EMAcopn: Clck New...to reate a reset
EMACD mode: ibrary
s, cverts ELPIDA ED)LIOIBASE SC
|| Evac1pin H ELPIDA EDI5300BASE-5C
ps o EMAC Lmode: JEDEC DDR2-1066 25648 X8
T JEDEC DDR>-1066 5124638
'~ NAND Fl: JEDEC DDR2-400 256MB X8
bhhdedh NAND pin JEDEC DDR2-400 5 12MB X8
o v JEDEC DDR2-533 256ME X8
NAND mode:
= ‘K (W] JEDEC DDR2 533 512MB X5
hw_axi_ciod
= E— BEcomager s
i s i
el |HPS1/0 5et0 v JEDEC DDR2-800 256MB X3
bt e JEDEC DORZ 600 51246 X
JEDEC DDR3-1066E 1688
"~ SD/MMC Controller JEDEC DDR3-1066E 2GB X8

51248 X8

USB1 PHY interface mod: | SDR with PHY dock outputmode. +.

SDIOpin: [Ps 10 5et0 +
e [ I o oo o 126
|itate JEDEC DDR3-1066F 2GB X8
'~ USB Controllers
{SROpn JEDEC DDR3-1066G 2GB X8
USB0 PHY nterface moce: ya JEDEC DOR3-1066G 51248 Y8
o s Excome s o0

168X8

JEDEC DDR3-166 168 X8
JEDEC DDR3-1G6 268 X8

[+ sP1controllers

SPIMO pin:
SPIMO mode:

16818
JEDEC DDR3-800D 2GB X3
JEDEC DDR3-800D 5126 X8
JEDEC DDR3-800 138 X8

9000000000000 0000000000 000000
8
a
B
2
i

Delet|

|, Warring: ARM_A9_HPS; "Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.0 Mz, but orly achieved 37.368421 Mz
/4, Warring: ARM_A9_HPS: "QSPI clock frequency” (desired_aspi_clk_mhz) requested 400.0 MHz, but only achieved 370.0MHz

&\ Warning: ARM_A9_HPS: 1 or more output dock be achieved preciely, consic dock frequendes,

@ info: ARM_A9_HPS: HPS Main PLL counter settings: n = 0 m = 73

a Arria V[Cyclone V Hard Processor System
agocirw 3ltEra_hips

/2, Warring: ARM_A9_HPS: "QSPI clock frequency " (desired_aspi_clk_mhz) requested 400.0 Mz, but orly achieved 370.0 Mz
1, Warring: ARM_A9_HPS: 1or frequendes.
@ Info: ARM_A9_HPS: HPS Main PLL counter settings: n = 0m = 73

[Foockbagram | gy 1] presets
(] show signals SPIMD pin Y
SPIMD mode: oject
- Cick New... to create a preset
PRULETEN | swovipn (ESLE Sk iorary )
oot || SPTLmOGE Single Slave Select v | || i+® EPDAEDI DBBASESC
: —— # ELPIDAED)S308BASE-5C.
ps.fo i Unsed # JEDEC DDR2-1066 256MB 18
21._axi_clock S = # JEDEC DDR2-1066 51248 %8
sPIstpin: # JEDEC DDR2-400 256MB X5
o clock e # JEDEC DDR2-400 512VB X8
n axi_siave # JEDEC DDR2-533 256MB X8
% JEDEC DDR2-533 512MB X3
20, o_dock Lo s @ JEDEC ODR2.667 2568 18
o UARTO pin: # JEDEC DDR2:667 512MB X8
UARTO mode: % JEDEC DDR2-500 256MB X5
e UARTLpin: # JEDEC DDR2-500 512VB X8
# JEDEC DDR3-1066E 166 X8
R # JEDEC DDR3-1066E 2GB X8
# JEDEC DDR3-1066E S1MB X8
[T 12C Controlers # JEDEC DDR3-1066F 1G5 %8
1200 pin: # JEDEC DDR3-1066F 2GB X8
1300 mode: # JEDEC DDR3-1066F S1MB XS
# JEDEC DDR3-1066G 1G8 X8
1c1pin:
# JEDEC DDR3-1066G 2GB X8
1261 mode: # JEDEC DDR3-10666 512V5 X6
13C2pin: # JEDEC DDR3-164 168 %8
# JEDEC DDR3-164 268 )8
e # JEDEC DDR3-165 168 %8
1c3pin: # JEDEC DDR3-165 268 %8
s # JEDEC DDR3-800D 1GBXS
# JEDEC DDR3-500D 268 X8
% JEDEC DDR3-500D 512MB X3
O @ JEDEC DDRz 300E 162 X8
Cano pin:
T —— e - ) v || Creoty_] [upsate... | [ elet
4, Warning: ARM_A9_HPS: " Ce 2 FPGA user 0 " (desired_cfg_clk_ 100.0 Mz, but only achieved 97.368%21 Mz -

[ BlockDiagram |
cano pr:
(] Show signals CAND mode:
ARM_A9_HR || AR
Cant mode:

h_stn_hw_everts.

ps o

2 _axi_clock

h_axi_clock

roject
Click New...to create a preset.
brary

ELPIDA EDI11088ASE-5C
ELPIDA EDJS308BASE-8C
JEDEC DDR2- 1066 2568 X8
JEDEC DDR2- 1066 512VB X8
JEDEC DDR 2-400 256MB X8
JEDEC DDR2-400 512MB X3

h_ax_siave

21 Iw_axi_elock

h_irg0.

h_irg

JEDEC DDR2-533 256ME X8
JEDEC DDR2-533 512MB X8

JEDEC DDR 24667 256MB X8

JEDEC DDR2667 512MB X8

JEDEC DDR2-800 256MB X8

JEDEC DDR2-800 512MB X8

JEDEC DDR3-1066E 165 X8
JEDEC DDR3-1066E 265 48
JEDEC DDR3-1066E 51248 X3
JEDEC DDR3-1066F 168 X8
JEDEC DDR3-1066F 265 5

[NAND DO< (S=to)

I ] 3

T M AT

8685850850000 0000000808808088080880

JEDEC DR 3-800E 168 X8

1

v | [ Update... ] [“Deley

| Viarming: ARM_A9_HPS: "Configuration/HPS-to-FPGA user O clock frequency” (desired_cfy_cll_mhz) requested 100.0 Mriz, but orly achieved 97.368421 Mz
1, Viaring: ARM_A9_HPS: "QSP1 clock frequency” (desired_gspi_clic_mhz) requested 400.0 bz, but only achieved 370.0 Mz

. Waring: ARM_AS_HPS: 1or more
(@ Info: ARM_AS_HPS: HPS Main PLL counter seftings: n = 0m = 73

Puc. 50. HanamryBanus nepudepiitHuX mpucTpoiB



KpiMm Toro BkaxiTh, IO IporecOpoM OyAyTh BHKOPHUCTOBYBATUCH KOHTAKTH
3arajgpHOoro mnpusHadueHHss GPIO09, GPIO35, GPIO40, GPIO41, GPIO4S,
GPIO53, GPIO54, GPIO61. 3a iXx I0mOMOTOK BiJIOYBA€ThCS B3AEMOIIS 3
30BHINIHIMU NepUPEepITHIMU TPUCTPOSIMHU.

10. Ilepeiimite 1o crtopinku HPS Clocks Ta BUKOHAlTe HaJAIITyBaHHS

CHUHXPOHI3YIOUMX CHUTHAJIIB MPOLIECOPHOTO A/Ipa y BIAMOBITHOCTI A0 puc. 51 —
53.

# Aria V/Cyclone V Hard Processor ARM_A9_HP: ===

“ Arria V/Cyclone V Hard Processor System
Megators”

altera_hps
= = ) presets
+Ps dodks
Pl Showsignals FPGA Interfaces | peripheral Pins | SDRAM & I
Input Clocks | Output Clocks| roject
9 = lick New.. to reate a preset
ARM_A3_HR ~ External G - i o
o i e e EOSCcod kemecrs |25.0 MHz # ELPIDA EDJ1108BASE-6C
e EOSC2 dock frequency: |25.0 MHz T ® ELPIDA EDJ5308BASE-8C
20 - ® JEDEC DDR2-1066 256MB X8
2t _axi_clock [ FPGA-to-HPS PLL Reference Clocks # JEDEC DDR2-1066 512V X8
e ] Enable FPGA-to-+PS SDRAM PLL reference dock @ ELC0 DORZ 400 20018
# JEDEC DDR2-400 S12MB X8
¥ ax wimve " (] Enable FPGA-to-HPS peripheral PLL reference dock  JEDEC DDR2-533 256V X8
o N FPGA-to-HPS SDRAM PLL reference dock frequency:  [o.o MHz # JEDEC DDR2-533 512MB X8
lw_2x1_clocl ® JEDEC DDR2-667 256V X8
T FPGA-t0-HPS peripheral PLL reference dock frequency |o.p Mz ® JEDEC DDR2-667 512MB X5
- @ JEDEC DDR2-800 256V X8
Akl = Peripheral FPGA Clocks - @ JEDEC DDR2-800 512MB X8
EMACO emac0_md_ck dod frequency: 100.0 MHz ~-® JEDEC DDR3-1056E 16 X8
EMACD emaco_gtx_ak dock frequency: 0 Mz @ JEDEC DDR3-1066E 2G5 X8
5 @ JEDEC DDR3-1066E 51246 X8
EMAC1 emact_md_ck dock frequency: 100.0 wHz e i i
EMAC1 emact_gtx_ck dock frequency: 100 MHz @ JEDEC DDR3-1066F 2G5 X8
QSPT aspi_sck_out dock frequency: 100 Mz S AR e s
® JEDEC DDR3-1066G 1G5 X8
SPTMD spim0_sck_out dock frequency: 100 MHz P s
SPIM1 spim1_sck_out dock frequency: [100 | MHz ® JEDEC DDR3-1066G 512MB X8
® JEDEC DDR3-1G4 1G5 X3
1200 i200_cke dock frequency:
= AT 10 et @ JEDEC DDR3-1G4 2G5 X3
I2C1i2¢1, ek clock frequency: 100 MHz ® JEDEC DDR3-1G6 1GB X8
12C2i2c2. ck dock frequency: 100 Mz ® JEDEC DDR3-1G6 268 X3
= ® JEDEC DDR3-200D 1GB X8
123 12¢3_ck dock frequency: 100 Wz g TR
# JEDEC DDR3-800D 512V8 X8
# JEDEC DDR3-800E 168 X8
e e - , - Acply Update... | [ Delet
i, Warning: ARM_AS_HPS: " i usero requency” (desired_cfg_clk_mhz) requested 100.0 M-z, butanly achieved 87368921 MHz

/2 Warning: ARM_A9_HPS: "Q5PI clock frequency” (desired_aspi_clk_mhz) requested 400.0 MHz, but only achieved 370.0 MHz
4, Warning: ARM_AS_HPS: 1 0r more output dock frequencies cannot be achieved precisely, consider revising desired output dock frequencies
@ Info: ARM_AS_HPS: HPS Main PLL counter settingsin = 0m = 73

Puc. 51. HanamryBanHs CHHXPOHI3YIOUMX CUTHAJIIB

“ Arria V/Cyclone V Hard Processor System
Megacors

Aria V/Cyclone V Hard Processor System - ARM

~ = Presets
| HPS Clocks | soRaw
] show signals PG Dnerfces | it a |
Input Clocks | Output Clacks
AR H ||| g 2 1o reate & preset
e e Peripheral PLL reference dock source: [E0sC1 dodk = e BEBA e eC
e SDMMC clock source: [Peripheral NAND SEMMC dodk | T ~® ELPIDA EDJ5308BASE-3C
< o L |
~® JEDEC DDR2-1066 256VB X8
NAND dock: source: [ 2]
e [Perihera! NAND S5MMC dod ! Ere R EE e
QP dock source: [Main Q5P dock - - ® JEDEC DDR2-400 256V X8
h_axi,clock A e - ® JEDEC DDR2-400 512VMB X8
h_axi_ slave : = e - JEDEC DDR2-533 256MB X8
H¥bhmie |Bseheraibase dockum, | - ® JEDEC DDR2-533 512MB X8
BT R . - - ® JEDEC DDR2-667 256V X8
h_ird . : TR - ® JEDEC DDRZ-667 512 X8
efoul lock frequency |o2s.0 [z - # JEDEC DDR2-800 256V X8
h_irg
q e default MPU dock frequency =@ EIrCOORI0 soan e
it ~® JEDEC DDR3-1066E 1GB X8
e s 0.0 W2 - ® JEDEC DDR3-1066E 2G5 X&
L3MP dock frequency: 1850 + | MHz ~® JEDEC DDR3-1066E 512V6 X8
|3 5 Aok ey T - ® JEDEC DDR3-1066F 1GB X8
= ~# JEDEC DDR3-1066F 265 X8
Debug AT dock frequency: [25.0 = |MHz ~® JEDEC DDR3-1066F 512MB X8
Debug dock frequency: (12,5 « | MHz - @ JEDEC DDR3-1066G 1GB X8
P - ® JEDEC DDR3-1066G 2G5 X8
Debug trace dock frequency:
& ikl || e - ® JEDEC DDR3-1066G 512VB X8
L4MP dock frequency: 1100.0 MHz - @ JEDEC DDR3-1G4 1GB X8
145 dock Fraquencys o o - ® JEDEC DDR3-1G4 2G5 X8
. = - ® JEDEC DDR3-1G6 1G5 X8
Configuration/HPS-to-FPGA user D dock frequency: | 100.0 iz R e
= < - - ® JEDEC DDR3-800D 1G5 X8
Peripheral PLL Output Clocks - Desired Frequencies o
SOMMC dlock frequency: 2000 Mz # JEDEC DDR3-800D 512VB X8
NAND dock: frequency: (125 Mz @ JEDEC DDR3-800E 166 X8
QP dock frequency: [400.0 Mz -
Apply Update.. Delet
< m | Kl I I B )
1, Warning: ARM_A9_HPS: "Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.0 MHz, but only achieved 97.368421 MHz
1, Warning: ARM_AS_HPS: "QSPI clock frequency” (desived_qspi_clik_mhz) reguested 400.0 MHz, but anly achieved 370.0 MHz
., Warning: ARM_A9_HPS: 1or more output dock frequendies cannot be achieved precisely, consider revising desired output dock frequendes.
@ Info: ARM_AS_HPS: HPS Main PLL counter settings: n = 0m = 73 =

Puc. 52. HanamryBaHHs CHHXPOHI3YIOUMX CUTHAJIIB
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“ Arria V/Cyclone V Hard Processor System
Megocars®  3ltEra_hips

Documentaton
TR OO TNy 500 T
& i L JH= ~ ] presets
7] show signals ph ~ Desired Frequencies 2 |
SDIMMC dock frequency: 2000 ™ oject
ARM_AS_HE| || NAND dock frequency: = i Cick ew... o create a preset.
QSPI dlock frequency: ibrary
Sk e [ ELPIDA EDJ1 108BASE 5C
ranclt e EMACD dock frequency: ELPIDA ED]S308BASE-8C
oncut EMAC1 clock requency: JEDEC DDR2-1065 256MB X5
2t _ax_clock = JEDEC DDR2-1066 S12ME X8
ek USB dock frequency’ te e i e v
h_ax_clock ik 5P1 dock frequency: JEDEC DDR2-400 51206 %5
n_a_siave L CANO dodk frequency: = JEDEEOND 5192 18
JEDEC DDR2-533 51245 15
2t Iw_axi_clock i AN dock frequency: EDEC DDR2-667 25618 48
" P10 debounce dock frequency: 32000 He JEDEC DDR2-667 51218 X8
fremet JEDEC DDR 2500 25615 X5
- [+ HPS-to FPGA User Clocks JEDEC DDR2-800 5 12VB X8
JEDEC DDR3-1066E 1G5 X8

7] Enable HPS-to-FPGA user 0 clock

7] Enable HPS-to-FPGA user 1 clack
(7] Enable HPS-to-FPGA user 2 clock
HPS-t0-7PGA user 0 dock frequency:
HPS-to-FPGA user 1 dock frequency;
HPS-to-FPGA user 2 dock frequent

JEDEC DDR3-1086G 512V X8
JEDEC DDR3-164 168 X8
JEDEC DDR3-164 268 X8
JEDEC DDR3-1G6 168 X8
JEDEC DDR3-166 26848
JEDEC DDR3-800D 1GB X8
JEDEC DDR3-800D 268 X8
JEDEC DDR3-800D 512ME X8
JEDEC DDR3-80DE 1GB X8

SesEBEEIEIEIERIIEIEIRISIRIERIORERIOETS
g
A
5
3
2
]
H

= ) |k = ) . (Cappty ] [ update... | [ Delets
Warning: ARM_A9_HPS; "Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.0 MHz, but enly achieved 97.368421L MHz -
\ Warning: ARM_A9_HPS: "QSPI clock frequency” (desired_qspi_clk_mhz) requested 400.0 MHz, but enly achisved 370.0 MHz
4, Warning: ARM_A9_HPS; 1 or more output dock frequendies cannot be achieved predisely, consider revising desired output dock frequendes, 1

@ Info: ARM_A9_HPS: HPS Main PLL counter settings: n = 0m = 73

Puc. 53. HanamtyBaHHS! CHHXPOHI3YIOUNX CUTHAIIB

11. Ilepeitaite no ctopinku SDRAM Ta BUKOHAWTE HalalITyBaHHA 1HTEpQeEHCy
30BHIIIHBOI ONIEPATUBHOI MaM’T1 Y BIIMOBITHOCTI 10 puc. 54— 58.

Arria VfCyclon

Arria V/Cyclone V Hard Processor System
E almva_hus/q i Documentation (1
presets

4

s

FPGA Interfaces | Peripheral Pins [ HPS Clocks | SDRAM
SORAM rotocot [poRg |

[ show signals

roject

PHY Settings | Memary Parameters | Memory Timing | Board Settings| i |is ‘Click New-.. to create a preset.
iorary

ARM_AZ_HA

ELPIDA EDJ1108BASE-6C
ELPIDA ED:

JEDEC DDR2- 1066 25618 X8
JEDEC DDR2-1066 5128 X8
JEDEC DDR2-400 256MB X8
JEDEC DDR2-400 512V X8

[+ Clocks
Memory dock frequency: 400.0 MHz

] Use spedified frequency instead of calculated frequency
Achieved memory dock frequency: 90,0 Mz
PLL reference dock frequency:

iz

E PHY Sett
Supply Voltage:
1/0 standard

JEDEC DDR3-1066E 512MB X8
JEDEC DDR3- 1066 1GB X8
JEDEC DDR3-1066F 2G5 X8
JEDEC DDR3-1066F 512MB X8
JEDEC DDR3-1066G 1GB X8
JEDEC DDR3-1066G 2GB X8
JEDEC DDR3-1066G 512MB X8
EDEC DDR3-1G4 1GB X8
JEDEC DDR3-1G4 2GB X8
JEDEC DDR3-1G6 168 X8
JEDEC DDR3-1G6 2GB X8
JEDEC DDR3-800D 1GB X8
JEDEC DDR3-3000 26B X8
JEDEC DDR3-300D 512MB X8
JEDEC DDR3-300E 1G5 X8

R R F R Ty

o P—— | [l 0 J - apply | [ Update... | [ Delet

4, Warning: ARM_A9_HPS: "Configuration/HP5-to-FPGA user 0 clock frequency" (desired_cfg_clk_mhz) requested 100.0 Mz, but only achieved 57.368421 MHz
/%, Warning: ARM_A9_HPS: "QSPI clock frequency” (desired_qspi_clk_mhz) requested 400.0 MHz, but only achieved 370.0 MHz

4, Warring: ARM_A9_HPS: 1 or more output dock frequencies cannot be achieved predisely, consider revising desired output dlock frequendies.

@ Info: ARM_AS_HPS: HPS Main PLL counter settings:n = 0m = 73

Puc. 54. HanamryBanus intepdeiicy SDRAM
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& Aria V/Cyclone V Hard P

“ Arria V/Cyclone V Hard Processor System
Mogocow Altera b5

[~ Block isgram ] v e e ] 1§ s
[7] Show signals. -
Apply memory parameters from the manufacturer data sheet ot
ARM_A3_Hi Click New... to create a preset.
LS| ey v 4|l
_stm_hw_events_ Memory format: P ‘& ELPIDA ED]1108BASE-8C
o ‘& ELPIDA EDJ5308BASE-8C
Ny e e e
0 i ‘® JEDEC DDR2-1066 256MB X8
121, axi,_clock. oA @ JEDEC DDR2-1066 5128 X8
o of G grope: 5 o Eorcoma e
2x_clock. ‘& JEDEC DDR2-400 512M8 X8
S S S
S e
DUl axiiEicd ‘@ JEDEC DDR2-667 256MB X8
) o B oot 308
o R ooneann 00
gt 3 @ JEDEC DDR2-800 5128 X3
© Forc ooms oe 1920
bt iod
oqseerate o o s e
M el
o ot anie
M it o i o | o B oo et 51200
. R oG B0
Address and command parity @ JEDEC DDR3-1066G 2G8 X8
Burst Length: ‘& JEDEC DDR3-1066G 512MB X8
el S ssatopli
bt ‘& JEDEC DDR3-1G4 2GB X8
DLL precharge power down: ‘& JEDEC DDR3-1G6 1GB X8
il B o0
e L . @ JEDEC DDR3-800D 1GBX8
Output drive strength setting: R2Q/6 v ‘® JEDEC DDR3-800D 2GB X8
P * B oriamo s
sl i
. i
Selfrefresh temperature: ‘& JEDEC DDR3-B00E 512MB X8
e ek i ot e e
z) : o P oo o 208
Dynamic ODT (Rtt_WR) value: Dynamic ODT off v.
= | fate. elet|
— L . e e
|4, Waming: ARM_A9_HPS: "( i " (desired_cfg_clk_r 100.0 MHz, .368421 MHz
| /4., Waming: ARM_A9_HPS: "( /" (desired_gspi_clk_r ).0 MH, | 370.0 MHz
i Wormg: ARM_AS_HPS: 101
@ Info: ARM_AS_HPS: HPS Main PLL counter settings: n = 0m = 73
@ Info: ARM_A9_HPS: HPS peripherial PLL counter settings: n = 0 m =

“ Arria V/Cyclone V Hard Processor System
e altera_hps

20 stm_hw_everts.

ps o

21, axi_clock

h_sxi_clock.

h i slave

121w _axi_clock
h rg0.
h gt

E oo ntacea | PP [ o5 o] SR p—
7] Show sgna SORAM Protocs [poR3 . 1
[P Setings | [ Memory Ting | |
ARM_AS_H ik New...to reat
Aoshy sheet o

JEDEC DOR3-10656 51248 X5
JEDEC DOR3-164 168 X8
JEDEC DOR3-164 26838
JEDEC DOR3-1G5 1GB X6
JEDEC DOR3-1G6 26836

i, Warning
L. Warnog: ARM_A9_HPS: 1
(@ Info: ARM_AS_HPS: HPS Mai PLL countr setings: n =0m
© Info: ARM_AS_HPS: HPS peripherial PLL counter settings: n = 0m = 39

" (desired_aspi_clk_r

[Lcmad ] ([ ]

(5 A V/Cyctone V ard

“ Arria V/Cyclone V Hard Processor System
e altera_hps

Puc. 56. HanamryBanus intepdeiicy SDRAM

B "FPGA Interfaces | PerpheralPns | 1S Clods | SDRAM | —
7] Show sgna SORAM Protocs [poR3 . 1
P etings | Menmory Trming Boerd Setongs
T == Z—
ary
2 st s veris & ElPDAEDIHOBBASE 6C
© ELPIDA EDIS308BASE SC
b the output sew # JEDEC DDR2-1066 256MB
i rate and thechanmel uncrtanty it the UnPHY Megaizard. e e
& JEDEC 00R2 400 25687
h. s, clock. your board, # JEDECDOR2-400 512VB X8
h_axi_slave. values that are representative of your board. @ JEDEC DOR2-533 256M8 X8
5 & FDECO0R2 533 5128
= Setup and Hold Derating
21 1w _oxi_cock [ . B
™ The slewrate & JEDEC DOR2667 S12VMB X8
& JEDEC 00R2 800 25688
h gt 2 ® JEDEC DOR2-800 5126 X3
& JEDECOORS-1066% 1815
® Use Atera's defauit ettngs o JEDEC DOR3-1066E 2683
& JEDEC OOR3-1086E 51268 X5
. e rates t caaate seup and hod s
B e ke ‘® JEDEC DOR3-1066F 168 X8
(©) Specify setup and hold tmes drectly @ JEDEC DOR3-1066F 26838
XJx# dew rate (Oifferential) by e & FEDECOORS 10667 51268 X5
& JEDEC 00R3-10656 1683
Adéress and commend sew rate: e i
DQS/DQS# slew rate (Differential): # JEDEC DDR3-1066G 512M8 X8
oy & JEDECDOR3-164 168 X8
& EDECOORI164 20835
. ‘® JEDEC DDR3-1G6 1GB X8
e & JEDEC00R3-166 26835
.
st 2
on .
.
[~ Channel Signal Tntegrity .
the distorton of .
¢ .
.
refictiors.
v]ler i ]

" (desired_aspi_clk_r

(© Infox ARM_AS_HPS: 5 Hain L counter setingsin = 0m
(© info: ARM_AS_HPS: 5 pergheral PL couner settinge: n = 0m = 33

[Lcmad ] ([ ]

Puc. 57. HanamryBanus intepdeiicy SDRAM



‘m Arria V/
Mogecar

clone V Hard Processor System
i i _

altera_fps.
[ BlockDiagram | | presets
Lo o 0.165 ns
[ Show signais a4 I
[ Channel Si i roject I
ARM_A9_HF|| | channel signal Integrity the eye due

Click New...to create a preset,

or crosstalkor other effects. Typically when going from 2 singlerank configuration to a multi-rank.

ibrary
h_stm_hw_events configuration 2 # ELPIDA EDJ1108BASE 8C
reflections, Please perform your channel signal integrity simulations and enter the extra charnel ® ELPIDA EDJ5308BASE 5C
ma o ® JEDEC DDR2-1066 256VB 18
01 axi_clock Derating Method: © Use Alteras defaut settings ® JEDEC DDR2-1066 512VB 368
® JEDECDDR2-400 256MB X8
h_axi clock (©) Specify channel uncertainty values @ JEDEC DDR2-400 512M5 X8
h ani siave Address and command eye reduction (setug): 00 i @ JEDECDDR2533 256MB XS
- @ JEDECDDR2533 51208 X8
21 w_axi_clock Adéress and command eve reduction (hold): oo ns A A
e Write DQ eye recucton 0o I B @ JEDECDDR2667 51208 X8
irite Delta DS arrvalti: o - ® JEDECDDR2600 256MB X8
h gt | @ JEDECDDR2800 51208 X5
e aet et 00 ne @ JEDEC DDR3-1066E 168 X5
loo e # JEDEC DDR3-1086E 2GB X8
||| - ® xpECDDR3-1066E 512MB X8
|~ Board Skews ® JEDEC DDR3-1066F 1GEXB
pca skens Gause timing margis to be reduced. Furthermore $ EDXLOORS Loy X520
skews an multirank topologies, @ TUCLDORS I S X
# JEDEC DDR3-10666 1688
Restore default vaues @ JEDEC DDR3-1086G 268 X8
Maximum CK delay to DIMM/device: 003 e @ JEDECDDR3-L086G 5126 X8
= ® JEDECDDR3-1G4 16BX8
Maximum DQS delay to DIMMfdevice: 002 = . i
Minimum delay difference betieen CK and DG 3 ns @ JEDECDDR3-1G6 1658
Maximum deley diference between CK and DOS: o = @ EDELOORS 106 2 5
@ JEDECDDR3-500D 16835
Maximum skew within DQS group: 001 ns & JEDEC DDR3-8000 268 X8
Maximum skew between DOS aroups: 008 - # JEDECDDR3-800D 51208 X8
= # JEDEC DDR3-800E 1B X8
Average delay dfference betieen DQ and DOS: =
as ey el 005 ® JEDEC DDR3-800E 266 X8
Maimum skew within address and command bus: 002 =  JEDEC DDR3-G00E 512836
X: [o01 - ® JEDEC DDRAL-1066E 168 X8

® JEDECDDR3L-1066E 268 X8

(3] K I Apply Update. Delet|

| '

. Warning: ARM_AS_HPS: " i
1, Warming: ARM_AS_HPS: "QSPI clock frequency” (desired_aspi_clk_mhz) requested 400.0 Mz, butorly achieved 370.0 Mz
., Warring: ARM_AS_HPS: 1or

(@ Info: ARM_AS_HPS: HPS Main PLL counter settngs:n =0m =73

(@ Info: ARM_AS_HPS: HPS peripherial LL counter settings: n =0 m = 33

* (desired_cfg_clk_mhz) requested 100.0 MHz, but only achieved 97.368421 MHz

frequendes.

Puc. 58. HanamryBanus intepdeiicy SDRAM

12. Hatucuite Finish.

13. Jlomatite no cucremu w™monyias JTAG to Avalon Master Bridge. Bin
3HaxoAuThCs y naniii Basic Functions -> Bridges and Adaptors -> Memory
Mapped. 3anvinTe MOro HaJAITYBHHS 32 3aMOBUEHHSM (puc. 59).

Megotors  NTETE,

_ .
& JTAG to Avalon Master Bridge - JTAG_to_HPS_Bric [

“ JTAG to Avalon Master Bridge

_jtag_avalon_master

| 71 Show signals
|

~ Block Diagram

~ Parameters

[7] Use Simulation Link Mode

JTAG_to HPS_Bridge

Simulation Link Server Port: 50000

£ :

: master

Elk reset e

WIS

et reset] master resﬂ

altera_jtag_avalon_master

Puc. 59. HanamryBanns JTAG to Avalon Master Bridge

14. [lonaiite 1o cucremu Moayiab On-Chip Memory (RAM or ROM) Tta
HaJAIITyHTe HOro y BIIMOBIIHOCTI 10 puc. 60.
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On-Chip Memory (RAM or ROM)

altera_avalon_onchip_memary2

[~ Memory type |
] Show signais Type: [RaM (ritabie)
Oﬂl:h\p SRAM Dual-port access
= e e ety
1 Read During Write Mode:
2 Block type:
Ikt
eseil Tightly Coupled Memory operation require dual port & dual dock sources.
alera_avalon o, memory2

[ Size
[7] Enable different width for Dual-port access
Slave 51 Data width:

Total memory size:

[] Minimize memory block usage (may impact finax)

Slave s1 Latency:

Slave s2 Latency:

[~ ROM/RAM Memory Protection ]
Reset Request: |Enabled » |

[~ ECC Parameter ‘
Extend the data width to support ECC bits: [ =

Initialize memory content
] Enable non~de eult initaization file

Type the filename (e.g: my_ram.hex) or select the hex file using the file browser button.

User created initialization file: B 1]

] Enable Partial Reconfiguration Initialization Mode

[] Enable In-System Memory Content Editor feature
Instance ID:

[norie

Memory will be initialized from Computer_System_Onchip_SRAM.hex

Puc. 60. HanamryBanust On-Chip Memory (RAM or ROM)

15. Jlomatite 1o cuctemu nBa moxayii PIO (Parallel I/0) Ta HanmamrtyiTte iX y
BIJIITOBITHOCTI 110 puc. 61 Ta 62.

5113 (Parallel 1/O) - Slider \,

PIO (Parallel 1/0)

altera_avalon_pio

[+ Basicsattings :
[ show signals Width (1-32 bits):
Direction:
Slider_Switches
1k
eset
1 Output Port Reset Value:
xternal_connection
getermal connection .
[ Output Register |
term_mualon 0 [T Enable individual bit setting/dearing

[7] synchronously capture
Edge Type: !E'EG;
["] Enable bit-dearing for edge capture register
[~ Tnterrupt
[ Generate RQ
IRQ Type:

Level: Interrupt CPU when any unmasked 1/0 pin is logic true
Edge: Interrupt CPU when any unmasked bit in the edge-capture
register is logic true. Avalable when synchronous capture is enabled

Harduwire P10 inputs in test bench

Drive inputs to field.: |x0000000000000000

Puc. 61. HanamryBanns mopty Slider Switches
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o A
%& PO (Parallel 1/O)

Maoters  Altera_avalon_pio

7] Show signals

[~ Basic Settings.
Width (1-32 bits): [0

Direction: ©) Bidr

© Input

) Indut

@) Output

Output Port Reset Value: | 0x0000000000000000

xternal_connection
peternal connectlon | neur

7] Enable individual bit setting/dearing

[~ Edge capture register
[ Synchronously capture

Edge Type: [risING |

[ "] Enable bit-clearing for edge capture register

[~ Interrupt
[ Generate IRQ
IRQ Type: (e -]

Level: Interrupt CPU when any unmasked 1/0 pin s logic true
Edge: Interrupt CPU when any unmasked bit in the edge-capture
register is logic true. Available when synchronous capture is enabled

= wiring
[ Hardwire PIC inputs in test bench

Drive inputs to field.:  |0,0000000000000000

‘}

Puc. 62. HanamryBanus nopty LEDs

16. Jlomaiite no cucremMu monynb System ID Peripheral ta 3anumre HOTO
HaJallITyBaHHA 3a 3aMOBUYeHHsAM (puc. 63). Bin 3HaxoauThcs y namii Basic
Functions -> Simulation; Debug and Verification -> Debug and
Performance.

& System ID Peripheral - SysiD
& Sy P ysID

e

“ System ID Peripheral

Mogoriew  Bltera_avalon_sysid_gsys

B Block Diagram [~ Parameters
| [ show signais 32bit System ID: [000000000 |
|

SyslD l

Please usz hexadecimal numbers orly in System ID.

13
eset
Eantml slave laval
altera_a

(@ Info: SysID: System ID is not assigned automatically. Edit the System ID parameter to provide a unique ID
(@ Info: SysID: Time stamp wil be automatically updated when this component is generated.

Puc. 63. HanamryBanns System ID Peripheral
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17. 3po0iTh 3’€THAHHS KOMIIOHEHTIB CUCTEMH Y BIATIOBITHOCTI 0 puc. 64. 3MiHITh
Ha3BU KOMITOHEHTIB CUCTeMH. Bu3HauTe 30BHIIIHI CUTHAIU (CTOBMUMK EXxport).
3BepHITH yBary Ha 0a3oBi aJpecu KOMIIOHCHTIB.

8|

system_pll_ref_ck exported.
system_pl_ref_reset

M 4> M Bl X+

mmmmm

TR0 31
TR0 31

& ox0000_0040 lox0000_004s

4 ¥ W Correntiter Al o

Puc. 64. 3’enHanHs KOMIIOHEHTIB CUCTEMU

18. 30epexiTh cucTeMy IiJ Ha3Boro Computer System.
Tenep nosicaumo, sik FPGA B3aemoie 3 HPS wactunoro. Mixk HUMH € 3 MOCTH:

F2H - FPGA-to-HPS bridge;
H2F - HPS-to-FPGA bridge;
LWH2F - Lightweight HPS-to-FPGA bridge.

F2H nosponsie FPGA 3Bepratuchk no ckiagoBux HPS (mampukimanm USB, a6o
CAN xoutposepu), npu ubomy FPGA Gyne master, a HPS — slave. Horo cioBo
Moyke MaTH 32, 64, abo 128 OiT.

LWH2F BukopucroByetbcsi miia pocryny ARM-sgpom po IP-cores, mio
reHepytotbcsi v FPGA. CnoBo wmae pospsmaicte 32 06itm. HE MOJXHA
BUKOPHUCTOBYBATH JIJIs TIOCTYITY 11O T1aM’SITi.

H2F BuxoprcToByeThes 11 goctyrmy ARM-sapom o mam’ati gepes FPGA. Horo
CJIOBO MOKe MaTH 32, 64, abo 128 O1rT.

19. Jlam oGepith komanny Generate — Generate HDL. ]Ins Create simulation
model o6epitb None. HatucHiTe Generate Ta J0YEKaWTeCs CIOBIICHHS
Generate completed.
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20. [loBepHITbCSI 70 TOJIOBHOTO BikHA cepenoBuiia Quartus Prime. Hapasi

21.

HEOOX1THO JOJYYHMTH 10 IPOEKTy cTBopeny Computer System. ]I 115010 y
BikH1 Project Navigator — Files (3711Ba) HaTUCHITH NMPABOIO KHOIKOIO MHUIIII HA
nikrorpami Files ta o06epitb komanny Add/Remove Files in Project 3
KOHTEKCTHOTO MEHIO. BimkpueThcst BikHO qomaBaHHs ¢aiiniB. Jogaiite daiinm
oupexmopia npoexmy/ Computer System / synthesis/ Computer_ System.v Ta
Computer System.qip.

Y daiini BepXHBOTO PIBHA i€papxii comp arm.v TiAKIIOYITE CUTHAIA 0

3T€HEPOBAHOT CUCTEMH:
Computer_System The System (
system_pll ref clk clk
.system pll ref reset reset
slider switches export
Jleds export
.sdram_clk_clk
.memory_mem_a

.memory _mem_ba
.memory _mem_ck
.memory mem ck n
.memory_mem_cke
.memory_mem _cs_n
.memory_mem_ras_n
.memory_mem_cas_n
.memory_mem _we n
.memory mem _reset n
.memory _mem_dq
.memory _mem_dqs
.memory_mem_dgs n
.memory _mem_odt
.memory_mem_dm
.memory_oct_rzqin

hps 10 hps 10 gpio inst GPIO35

(CLOCK_50),

(1'60),
(SW),
(LEDR),

(DRAM_CLK),
(HPS_DDR3 ADDR),
(HPS_DDR3 BA),
(HPS_DDR3 CK_P),

(HPS_DDR3 CK_N),

(HPS_DDR3 CKE),

(HPS_DDR3 CS N),

(HPS_DDR3 RAS N),

(HPS_DDR3 CAS N),

(HPS_DDR3_WE N),
(HPS_DDR3 RESET N),

(HPS_DDR3 DQ),

(HPS_DDR3 DQS_P),

(HPS_DDR3 DQS_N),

(HPS_DDR3 ODT),

(HPS_DDR3 DM),

(HPS_DDR3 RZQ),
(HPS_ENET INT N),

hps 10 hps 10 emacl inst TX CLK (HPS ENET GTX CLK),

hps 10 hps 10 emacl inst TXDO
hps 1o hps io emacl inst TXDI1
hps 1o hps io emacl inst TXD2
hps 1o hps io emacl inst TXD3
hps 1o hps io emacl inst RXD0
hps 10 hps 10 emacl inst MDIO

(HPS_ENET TX_DATA[0]),
(HPS_ENET TX DATA[1]),
(HPS_ENET TX DATA[2]),

(HPS_ENET TX DATA[3]),
(HPS_ENET RX DATA[0]),

(HPS_ENET MDIO),
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hps 1o hps 10 emacl inst MDC

hps 10 hps 10 emacl inst RX CTL
hps 10 hps 10 emacl inst TX CTL
hps 10 hps 10 emacl inst RX CLK

(HPS_ENET MDC),

(HPS_ENET RX _DV),
(HPS_ENET TX_EN),
(HPS_ENET RX CLK),

hps 1o hps io emacl inst RXDI1
hps 1o hps io emacl inst RXD2
hps 1o hps io emacl inst RXD3
hps_io_hps io gspi_inst 100
hps 1o hps 1o gspi_inst 101
hps 10 _hps 1o gspi_inst 102
hps 1o hps 1o gspi_inst 103
hps 10 _hps io gspi_inst SSO
hps_io_hps io gspi_inst CLK
hps 1o hps io gpio inst GPIO61
hps_io_hps io _gpio_inst GPIO40
hps_io_hps io gpio inst GPIO41
hps 1o hps 1o gpio inst GPIO48
hps 1o hps 10 12¢0_inst SDA
hps 10 hps 10 12¢0 inst SCL
hps 1o hps io i2cl inst SDA
hps 1o hps io i2¢l inst SCL
hps 1o hps io gpio inst GPIO54
hps 10 hps 10 gpio inst GPIO53
hps 10 hps 1o sdio inst CMD
hps 10 hps 10 sdio inst DO
hps 10 hps 1o sdio inst D1
hps 1o hps io sdio inst CLK
hps 1o hps io sdio inst D2
hps 1o hps io sdio inst D3
hps 1o hps i0 spiml inst CLK
hps 10 hps 10 spiml_inst MOSI
hps 10 hps 10 spiml_inst MISO
hps _io _hps io spiml _inst SSO
hps 1o hps io uvart0 inst RX
hps 1o hps io uvart0 inst TX
hps 1o hps io gpio inst GPIO09
hps 10 hps 1o usbl inst DO
hps 10 hps 10 usbl inst D1
hps 10 hps 10 usbl inst D2

(HPS_ENET RX DATA[1]),
(HPS_ENET RX DATA[2)]),
(HPS_ENET RX DATA[3]),
(HPS_FLASH DATAJ0]),
(HPS_FLASH DATA[1)),
(HPS_FLASH DATA[2)),
(HPS_FLASH DATA[3)),
(HPS_FLASH NCSO),

(HPS_FLASH DCLK),
(HPS_GSENSOR_INT),
(HPS_GPIO[0]),
(HPS_GPIO[1]),
(HPS_12C_CONTROL),

(HPS_12C1 SDAT),
(HPS_12C1 SCLK),

(HPS_12C2_SDAT),
(HPS_12C2_SCLK),
(HPS_KEY),

(HPS_LED),

(HPS_SD CMD),
(HPS_SD DATA[0]),
(HPS_SD DATA[1]),

(HPS_SD CLK),
(HPS_SD DATA[2]),
(HPS_SD DATA[3]),
(HPS_SPIM_CLK),
(HPS_SPIM_MOS]I),
(HPS_SPIM_MISO),

(HPS_SPIM_SS),
(HPS_UART RX),
(HPS_UART TX),
(HPS_CONV_USB N),
(HPS_USB_DATA[0]),
(HPS_USB DATA[1]),
(HPS_USB_DATA[2]),
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22.

23.

24.

3.

hps 10 hps 10 usbl inst D3 (HPS_USB DATAJ3]),

[
hps 10 hps 1o usbl inst D4 (HPS _USB DATA[4)]),
hps 10 hps 1o usbl inst D5 (HPS_USB DATA[5]),
hps 10 hps 10 usbl inst D6 (HPS_USB _DATA[6]),
hps 1o hps io usbl inst D7 (HPS USB DATA[7)),
hps 1o hps io usbl inst CLK (HPS USB CLKOUT),
hps 1o hps io usbl inst STP (HPS USB _STP),
hps 1o hps io usbl inst DIR (HPS USB DIR),
hps 10 hps 10 usbl inst NXT (HPS_USB_NXT)

);

30epexiTh (haii.
IMnopTyiiTe npu3HaAYeHHS] KOHTAKTIB BBOY/BUBONY 3 (haility comp _arm.qsf.

BukoHaiiTe KOMITUJISIIIIO TPOEKTY.

. Po3poOka nporpaMmHoro 3ade3ne4eHHs.

. 3anycrits Intel FPGA Monitor Program.

O6epitb MeHto File — New Project. 36epexiTh IPOEKT IiJl BJIACHOK HA3BOIO
y aupekTtopii app_software. OO6epith apxitektypy ARM Cortex-A9.
HatucHits Next.

Ha Bxuanuuui Specify the system BKaxiTb HACTYIIHI TapaMETPH:

Select a system = <Custom system>

System description file =

oupexmopia npoekmy/Computer_System.sopcinfo

FPGA programming (SOF) file =

oupexmopia npoexmy /output_files/comp arm.sof

Preloader = DE1-SoC

4.
5.

7.

Hartucuite Next.

Ha Bkmanuuui Specify a program type yxaxite 3HaueHHs Program Type =
Assembly Program. HatucHith Next.

Ha Bxmanuuui Specify program details natucHite Add, ta oGepith ¢aiinu
nporpamu address map _arm.s ta simple program.s .. Bkaxite Start symbol
= _start. HaTtucHiTh Next.

Lle#t mpukianx BUKOPHCTOBYBaBCS y JiabopaTopHiii po6oTi Ne 3 — y HbOMY
BUKOHYBAJIOCSl KOIIIOBAHHS CTaHy IE€PEMHUKadiB [0 PETICTPY CBITJIOAIOMIB.
JlonaTkoBo, y bOMY MOPHKJIAIl JOAAIOTHCS CEMHCETMEHTHI 1HIUKATOpH, SIKi
OyyTh BiIoOpakaTH YMCIIO, €KBIBAJICHTHE TOTOYHOMY CTaHy CBITJIOJIO/IB.

Ha Bxnanunii Specify system parameters ykaxxiTb HACTYITHI 3HAUCHHSI
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Host connection = DE-SoC [3-2]
Processor = ARM A9 HPS arm a9 0
Terminal device = Semihosting

8. Ha ocranHiii BxiIaguHIl HaTUCHITE Finish, abo Save. Ha 3anur um
3aBaHTA)XXYBAaTH CUCTEMY Ha IIJIaTy BiIOBiTaiTe Yes.

9. Ilicnsa cnoBileHHS MPO YCIIIIHE 3aBaHTaXeHHs, Y BikHi Intel FPGA Monitor
Program — o0Gepith MeHI0 Actions — Compile & Load.

10.3amycTiTh IporpaMy Ha BUKOHAHHS y Oe3nepepBHOMY (3€JIEHUN TPUKYTHUK),
a00 MOKPOKOBOMY PEKUMI (3KOBTa CTPLIIOUYKA) Ta CIIOCTEPIraiTe ii BUKOHAHHS.
[lepekonaiiTecs, 1110 Y€pBOHI CBITJIOAIOAN 3MIHIOIOTh CBiil CTaH BIJIMOBIAHO A0
CTaHy MepeMUKayiB IPU BUKOHAHHI THCTPYKIIIT
sthio R4, 0(R3), a Ha ceMU CETMEHTHHUX 1HAMKATOpPax BIOOpakaeThbCsl BIpHE
3HAYECHHS.

11.3ynuHITE BUKOHAHHS POTPaMHU.

12. Ipyrum nipoektoM y Monitor Program Oyne nporpama MoBoro C, OCHOBaHa
Ha IpUKIaal «podoTa 3 Semihostingy.

13.CTBOpiTH HOBUW MPOEKT B OKpeMii aupekTopii. [IOBTOPITH HamAIITYHKH
MOMEPETHHOTO MPOEKTY — 332 BUKIIOYEHHSIM TOTO, 1110 IPOEKT IPYHTYETHCS HA
ckoMmutboBaHiii mporpami AXF, nanucanoi mosoto C.

14.Jlonaiite 1o mpoekty ¢aiin semihosting example.axf. BrneBHITbCS, 1O BCl
noAaTKoB1 (hailu (HagaroThCs 10 J1aOOpaTOPHOI pOOOTH) TEXK 3HAXOASATHCS Y
TaIIll MPOEKTY.

15.3aBaHTaxTe cCUCTEMY, CKOMIIUIIONTE MpOrpaMy Ta 3alyCTiTh il HA BUKOHAHH.
Semihosting - 11e crieliaIbHUNA MEXaHI3M, KWW 3a0e3neuye nporpamam, Io
BUKOHYIOThCSI HAa ARM-niporecopi, noctyn 1o cepicy nebarepa. CtangapTHi
016mioTexku (GyHKIIN MoaudikoBaHl aisg poOoTH 3 Semihosting. Hanpuxnan,
printf() Ta scanf{), K1 3a3BUYai MPAIIOIOTH 3 TEPMIHAJIOM KOMIT IOTEpa, Ha
SAKOMY 3allyllieHa TMporpamMa, IO IX BHKJIWKae, OyAyTh TMpaIfoBaTH 3
TE€pMIHAJIOM Mporpamu-zaedarepa.

16.5Ikmo mporpama mMpaiioe MPaBHIBHO, TO MOXHO OyJe 3amyCTUTH Aiajor
(HagaTH BIAMOBIAI HA 3alUTAHHS Yy KOHCOJIBHOMY BIKHI) SIKI HaaXOASTh 3
nporiecopa (puc. 65).
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register_tm_clones:
OxO00E0LSC  ESOF1024 1dr rl, [pc, #36] ; 188 <register tm clon
(4]

| Disassembly | Breakpoints / Memory / Watches | Trace /
|

iTerminaI - * | Info & Error!
Ewhat is your name? : L ve
| Ivan brez
|What is your age? Starting GDE
|22 Connection €
[[Ivan, you are 22 years old. arm-altera-e
It's been 3 seconds since we started Symbols loac
|It's been 1574335372 seconds since 1970 Jan 1 arm-altera-e
|What 1s your name? Source code

Info & Error

Puc. 65- Po6ota mporpamu Semihosting

3. CamocriiiHa podoTa

Brecite Moaudikariito 10 nporpamu Semihosting: Hexail BIAMOBIIb> BUBOAUTHCS HA
cBiTioaionu. Hanpukinan, qonaite Koau:

volatile int * led_ptr = (int *)LEDR BASE;
*led _ptr = age;

y noTpiOHUX MicisX. Koy MOXKyTh 3HAXOAUTHCH HE PA30M.

Skimo yce 3po0iieHO MpaBWIBHO, TO IICISA BIANMOBIAI Ha 3anutaHHs "What is your
age?" BKkazaHe unciio 0yne suBenene Ha LEDR[7:0] ta HEXO0-1.

4. KoHTpOJIbHI 3anIMTAHHS.

1. 3a 1ormoMororo Koi WHU MOEAHYIOTHCS 10 IPoLecopHoro aapa ARM
KOMIIOHEHTH, cuHTe30BaH1 y FPGA?

2. Sk BigOyBa€eThCs HANAIITYBaHHS NeprudepitHIX KOMITIOHEHTIB MPOIIECOPHOTO
sanpa ARM?

3. Sk BiaOyBa€eThCs HAJAIITYBAHHS CUHXPOHI3YIOUMX CUTHAJIIB IIPOLIECOPHOTO
anapa ARM?

4. Sxe npuszHaueHHs Monynto JTAG to Avalon Master Bridge?
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5. JlabopaTopHa podotra Ne 5. O0poOka ayniocuruaJis

1. Berym.

MeTtoro BUKOHaHHS Ii€i poOOTH € HAOYyTTsI HaBHUOK OOpOOKHM ayaioCHUTHAIIIB
CHUCTEMOI0 Ha KpucTalli, peaiizoBanoro Ha miati DE1-SoC.

2. llopsAioKk BUKOHAHHS PO0OTH.

1. OCHOBOIO I CTBOPEHHS BIACHOTO MPOEKTY 0OMPAEMO CHUCTEMY Ha KpUCTalli, 10
BukopuctoByeTbes y Intel FPGA Monitor Program. Jlns miporo — 3po0iTh KOTIit0
IIPOCKTY, SIKHAN pO3TaIIoOBaHO y Tarii
Jlupexmopia_pozmauwiyeannusa_Quartus\University Program\Computer Systems\DE
1-SoC\DE1-SoC Computer\verilog 1o BiacHoi po6040i TUpEKTOPii.

2. Bigkpuiite mpoekt DE1_SoC_Computer.

3. 3anycrite ytimity Qsys (abo Platform Designer). Biakpuiite ¢aitn omumcy
cucremu Computer System.qsys (puc. 66).

-

as C'pen
Look in; comp_audio - I"
(sys_edit
g app_software
e e Computer_System
db

hps_isw_handoff

! incremental_db

Pabouwii cron | Audic_Subsystem.gsys
Char Euf SUbS}TStF'_m qsg,rs

£ | | Edge_Detection Sul::ls}rstem gsys
Mow gokyme... || VGA_Subsystem.gsys
|| Video_In_Edge_Detection_Subsystemn.gsys
. L || Video_In_Subsystem.gsys

Puc. 66. Bubip ¢aiiny onucy cUCTeMH Ha KpUCTaT

4. B oOpaniii cucTeMi 3aJTUIIAEMO JIMIIE TI KOMIIOHEHTH, K1 BUKOPUCTOBYIOTHCS TIPU

00po01i aygiocurHany (puc. 67 ta puc. 68).
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File Edit System Generate

ew Tools Help

[ oot = =
4 b, g @

-Basic Functions
-DSP
nterface Protocols
-Low Power
-Memory Interfaces and Contralle)
“Processors and Peripherals
-Qsys Interconnect
~University Program

| 1 |

= Add...

i Devic £ i
M1 Computer System [Computer
- audio

audio_pll_dk

audio_pll_ref dk

audio_pll_ref reset

av_config

hps_io

leds

memory

pushbuttons

sdram_ck

system_pll_ref_dk
system_pll_ref_reset

TYLYTYYYYYLY

I ARM_A9_HPS

Puc. 67. HanamryBanss cuctemu ajisi 00poOKu ayiiocurHany A

t: System Contents 231 AddressMap &2 | InterconnectRRequirements &5

=|[a g System: Computer_System  Path: System_PLL
Use  Connections MName Export Clock
System and SDRAM Clocks for DE-
= ref_ck Clock Input system_pll_ref_clk exported
= ref_reset Reset Input system_pll_ref_reset
sys_ck Clock Qutput System_PLL...
rat sdram_clk Clock Output sdram_clk System_PLL...
v — | | — reset_source Reset Output
E1IE] ARM_A9_HPS \Arria ¥/Cydone ¥ Hard Processor System
f2h_stm_hw_events Conduit
<A memory Conduit memaory
et hps_io Conduit hps_io
—_— h2f_reset Reset Output
h2f_axi_dock Clock Input System_PL...
h2f_axi_master AXT Master [h2f_axi_do...
f2h_axi_dock Clock Input System_PL...
f2h_axi_slave AXI Slave [f2h_axi_da... 1
h2f_w_axi_dock Clock Input System_PL...
—_— h2f_w_axi_master AXI Master haf_tw_axi..
f2h_irgd Interrupt Receiver
f2h_irgl Interrupt Receiver
| E108 ITAG_to_HPS_Bri... TTAG to Avalon Mester Bridge
ck Clock Input System_PL...
clk_reset Reset Input
— master Avalon Memory Mapped Master [ck]
master_reset Reset Output
= B LEDs PIO (Parallel IjO)
dke Clock Input System_PL...
reset Reset Input [ck]
=1 ‘Avalon Memory Mapped Slave [ck] '
< external_connection  |Conduit leds
El Pushbuttons PIO {Parallel 1/0)
ck Clock Inout System_PL...
reset Pushbuttons [l
o PIQ (Parallel ‘I/O]JEItera_ava\Dn_pio 17.0] K] ]
O external_connection Conduit pushbuttons
— irq Interrupt Sender [clk]
= El AV_Config Audio and Video Config Intel FPGA IP

-Basic Functions

DSP

Interface Protocols

Low Power

Memory Interfaces and Controlle
Processors and Peripherals

Qsys Interconnect

-University Program

< n | »

E

Fo Devic &% ==

] Computer System [Computer
audio

audio_pll_ck
audio_pl_ref_ck
audio_pl_ref reset
av_config

hps_io

leds

memary
pushbuttons
sdram_dk
system_pll_ref_dk
system_pll_ref reset

o Add...

TYLTYYTYIYIILY

M ARM_A3_HPS

Puc. 68. HanamtyBanns cuctemu aiis oOpoOku ayniocursaity b

1= system Contents 231 AddressMap % | Interconnect Requirements %

] X il

H4prHM

= | |a | |4 System: Computer System Path: System_PLL
Use  Connections Mame Description Export Clock
f2h_axi_slave AXI Slave [foh_axi_co... 1
h2f_w_axi_dock Clock Input System_PL...
_— h2f_lw_axi_master AXT Master [h2f_lw_axi...
f2h_irg0 Interrupt Receiver
f2h_irgl Interrupt Receiver
| a I]g JTAG_to_HPS_Bri... JTAG to Avalon Master Bridge
dk Clock Input System_PL...
clk_reset Reset Input
——— master Avalon Memory Mapped Master [clk]
master_reset Reset Output
= El LEDs PIO (Parallel Ij0)
ck Clock Input System_PL...
reset Reset Input [clk]
sl Avalon Memory Mapped Slave [ck] '
O external_connection (Conduit leds
Bl Pushbuttons PIO (Parallel 1/0)
dk Clock Input System_PL...
reset Reset Input [clk]
sl ‘Avalon Memory Mapped Slave [clk] 1
< external_connection Conduit tons
———————————< irq Interrupt Sender [ck]
= B AV_Config Audio and Video Config Intel FPGA TP
dk Clock Input System_PL...
reset Reset Input [dk]
avalon_av_config_slave |Avalon Memeory Mapped Slave [clk] '
< external_interface Conduit av_config
Bl Audio_Subsystem |Audio_Subsystem
O audio Conduit audio
——————— audio_irq Interrupt Sender [sys_ck]
H audio_pll_dk Clock Qutput audio_pll_clk Audio_Subs. ..
CH audio_pll_ref ck Clock Input audio_pll_ref_clk exported
= audio_pll_ref reset Reset Input audio_pll_ref_reset
audio_pll_reset Reset Output
audio_slave Avalon Memory Mapped Slave [sys_ck] '
sys_ck Clock Input System_PL...
sys_reset Reset Input
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5. BaxnuBy ¢yHKIIIO 1npu oOpoOIll aylioCUTHAIY BITITPalOTh JIBA KOMIIOHEHTH -
AV_Config Ta Audio_Subsystem. Po3risiHemo ix OUTbII YBaXKHO.

6. O6epite kommoneHT AV_Config, HaTUCHITH MpaBy KHOIKY MHIII Ta 00epiTh
komannay Edit.

7.BiakpueThCs BIKHO HaJalITYBaHb, K€ TOKa3aHO Ha puc. 69.

T R S

R Audio and Video Config Intel FPGA IP
Mogators’ altera_up_avalon_audio_and_video_config
|~ Block Diagram | »
~ Components
Show signals T = — .
O = Audio/Video Device: | on-Board Peripherals -
DE Board: DE1-80C -
Ay _Config L .
[¥] Auto Initiglize Device(s)
Ik
lack [= Auto Initialization Parameters for Audio 11l
gest reset Audio In Path: :Mia'ophone to ADC -
I fig_sl : )
TEon v coTg T fon Audio Out - Enable DAC Output |
sternal_interface y 3 X
anduit [7] Audio Out - Microphone Bypass
aters_up_avalen_aud | [7] Audio Out -Line In Bypass

Data Format: ;Lef’tJustiﬁed -
Bit Length: E
Sampling Rate: [8kHz

[ Auto Initialization Parameters for Video |
Video Source Format: [NTsC + |

| Auto Initialization Parameters for 5 Megapixel Camera (TRDBE_D5M) |
Resolution: 7507 % 1944

| Enable external exposure port

Puc. 69. Bikno manamryBanbs moaynst AV_Config

8. Ile#i Momynb BUKOPHCTOBYETHCS JJIA HaJAIITYBaHHsS 30BHINIHBOTO aydiOKOJCKa
WM8731, mo posramoBanuii Ha 1aTi DE1-SoC. 3a HanamryBaHHSIMH BHIHO, IO
Bxig ALIIT aymgiokoaeky mia'emnano g0 mikpodony, a Buxinx L{AII - o Buxoxy Audio
OUT. Bximui mani mictare 32 6itm. Yactora auckperwsamii ctaHoBuUTH 8 Krii.
BcTanoBiieHO pexuM aBTOMATHYHOI 1HIIIaMi3alii KOJAEKYy MpH Mojayl >KUBJICHHS.
[IepeBipbTe 111 HANAITYBaHHS Y BJIACHOMY ITPOEKTI.

9. O6epith koMnIOHEHT Audio_Subsystem Ta BigkpuiiTe Horo ajis peaaryBaHHs Ha

puc. 70.
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-

ms Audio_Subsystem - Audio_Subsystem ; -—

“ Audio Subsystem

Mogatersr  HUI0_Subsystem

|~ Block Diagram N v

[] Show signals

Audio Subsystem

ﬂdm onduit intermupt

“ udio_pll_ref_clk

lock clock

reset reset

ﬁdio_}:ll_ref_reset

udio_slave
= @valon

s _clk ok
ﬁs_reset -

Audio_Subsystemn

Puc. 70. Bikno HanamryBanb komnoHeHTy Audio Subsystem

10. Bynp sKi HajgamTyBaHHS U8 IIbOTO KOMIIOHEHTY BiacyTHI. Llei Momaynb
BUKOPHUCTOBYETHCS I OOMIHY JIaHUMHU MK ayJ10KOJEKOM Ta CHCTEMHOKO IIHHOIO
Avalon.

11. 30epexiTh HanamTyBaHHsa cucreMu. Bukonaiite komanny Generate -> Generate
HDL.

12. TloBepuithest g0 npoekty y CAIIP Quartus. V ¢aiini BepXHbOro piBHS 1€papxii
3aKOMEHTYMWTE CUTHAJIH, K1 HE BUKOPUCTOBYIOThCA y Moyl Computer System.

13. 30epexiTh MPOEKT Ta 3aIMyCTITh HOTO HA KOMITLISIIIIO.

14. Ilicng  ycmimmHOT KOMIUIALIT MPOEKTY MEpPEXOAuMO JO0 HaJallTyBaHHS
nporpaMHOro 3abesmeueHHs. s mporo HEOOXIAHO CTBOPUTH HOBUN TPOEKT Y
cepenosuiiii Monitor Program.

15. Ilepen moYaTKOM, 3aBaHTaXTE JO poOOOYOI JUPEKTOpii MPOEKTy ManKy
app_software 3 QaitiaMmn nporpamHoro 3a0e3neyeHHs (JOJATOK OO BHUKOHAHHS
1abopaTopHOi pobOTH).

16. BkaxiTh pobouy nupeKTopito mpoekTy (app_software), Ha3By npoekTty - audio,
Ta apxiTekTypy - ARM Cortex-A9.

17. O6epith Custom System, BiamosiaHi (aiimu sopsinfo ta sof. Preloader -> DE1-
SoC.

18. O6epits Tun mporpamu - AXF, ELF or SREC File.
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19. B sixocTi BXijiHOTO (haiiny 06epith audio.axf.
20. HactymHi HayTamTyBaHHS 00€piTh 32 3aMOBYCHHSIM.

21.Ilicnst 3aBaHTaXKEHHS CHUCTEMH BHUKOHAMTE 3aBAaHTAKECHHS MPOrpamMu  J0
nporiecopHoro siapa ARM.

22. JIns mepeBipky porpaMu HeoOX11HO miaAKIounuTH Mikpodon 10 Bogy MIC IN ta
HaBymHUKHM 110 Buxoxy LINE OUT mmatu DEI1-SoC. IIporpama npamroe HacTyITHUM
yuHOM - micia HatuckaHHs kHomku KEY 0 (3aroputbes cBiminomioq LEDR 0)
CHUCTEMa MEPEXOJIUTh Y PEKUM 3amuCy 3 MIKpodoHy. 3anuc BiIOyBa€TbCA MPOTATOM
10 cex (mo 3racanns ceiTinoaiony LEDR 0). Ilicist 1p0ro, HaTUCHYBIIM KHOIIKY
KEY 1, MoxHa nepeiTu 10 IPOCIyXOBYBaHHS 3aIIUCY.

23. IlepeBipTe poOOTY MPOrpaMH.
3. Camocriiina po0doTa

1./loonpairtoiite cUCTEMy TaKUM YUHOM, IIOOM BXIAHUN ayAiOMOTIK MOJaBaBCS Ha
Bxi LINE IN (BigmoBilHO, HEOOXiJHO 3MIHUTH YacTOTy JUCKpETH3aIlil

ayJ110KOJIEKY).

2. Jloomparttoiite  mporpamMHe 3a0e3MeYeHHS TaKUM YHHOM, IOOM aymioIoTiK
TiepeIaBaBCs Ha BUX1J CUCTEMU Biapa3y (0e3 3amucy).

3.CrpoOyiiTe BHKOHAaTH OOpPOOKY ayJIONMOTOKY 3a JOMOMOTOK MPOrpamMHO
peanizoBaHoOro (GUTETPY HU3BKHUX YacTOT.

4. KOHTPOJIbHI 3aIMTAHHS.
1. fIxe nmpuznauenus moaynto AV_Config?
2. SIxy ¢dyHk1io BUKoHye Moysib Audio Subsystem?

3. SIxi cTaHAapTHI 3HAYEHHS YaCTOTH IUCKPETH3allli BUKOPUCTOBYIOTHCS B
ayJ110KOJIeKy ?

4. 1o o3Hauae Ha3Ba "aymiokoaeK"?
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6. JlabopaTopna podotra Ne 6. O0poOka BizeocurHaay

1. Beryn

MeTtor0 BUKOHAHHS IIi€] poOOTH € HAOYTTS HAaBHYOK OOpPOOKM BiJ€OCHUTHAIIIB
CHUCTEMOI0 Ha KpucTalli, peaiizoBanoro Ha miati DE1-SoC.

2. llopsAioKk BUKOHAHHS PO0OTH.
Yacruna 1. O0poOka Bineocurnauay 3 Bukopucrtanasasm HPS.

1. OCHOBOIO ISl CTBOPEHHS BIIACHOTO TIPOEKTY OOMPAEMO CUCTEMY Ha KPHUCTAJI, 10
BukopuctoByetbest y Intel FPGA Monitor Program. J{ns nporo — 3po6iTh KOMito
IPOCKTY, SIKHH PO3TAaIlIOBaHO y T
Jlupexmopia_pozmauwiyeannusa_Quartus\University Program\Computer Systems\DE
1-SoC\DE1-SoC Computer\verilog 1o BiacHoi po6040i TUpEKTOPii.

2. Biakpuiite npoext DE1_SoC_Computer.

3. 3anycrite ytimity Qsys (abo Platform Designer). Biakpuiite ¢aitn omumcy
cucremu Computer System.qsys (puc. 71).

-

sn Cpen
Look in; comp_audio - I"
J(sys_edit
=g app_software
e e Computer_System

db
hps_isw_handoff

! incremental_db

Pabouwii cron | Audic_Subsystem.gsys
Char Euf Suhs}rstem qs.}rs

E | | Edge_Detection S-Llhi}fitl?_m gsys
Mow gokyme... ||| VGA_Subsystem.gsys
|| Video_In_Edge_Detection_Subsystemn.qgsys
. L || Video_In_Subsystem.gsys

Puc. 71. Bubip ¢aiiny onucy cucteMu Ha KpUCTall

4. B oOpaHniii cucTemi 3aJUIIaEMO JIUIIE T KOMIIOHEHTH, IKi BUKOPUCTOBYIOTHCS TIPH
00po0111 Bijeocurunaiy (puc. 72 - 76).
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File Edit System Generate View Tools Help

e W of 0| I Svstem Contents 5 ‘ AddressMap ‘ InterconnectRequiements ‘ -dm
Q ||| ¥ ystem: Computer_System  Paths System_PLL
Project Connectons Name Description Expart Clock Base End RQ
W New Component.. =18 System PLL System and SDRAM Clocks for DE-
‘System o4 refok (Clodk Input. 'system_pll_ref_clk exported
Library D1 refreset eset It system_pl_ref_reset =
z::mm””s ays ok otk Output 'System_PLL
b R F sdranck Clock Output sdram_clk System PLL il
G o reset source Reset Output
Memory Interfaces and Controllers E10 Video_PLL Video Clocks for DE-series Boards Intel..,
- Frocessors and Perphersls o7 refck Clock Input video_pll_ref_ck exported
Qsys Intercomnect D1 ref reset Reset Input video_pll_ref_reset
University Program vga_ck (Clock Output ideo_PL .
—————————————(  reetsouce Reset Output
E0 ARM_A9_WPS |Arria V/Cycone V Hard Processor System
f2h_stm_hw_events  Conduit
memory (Condhit memory
s io (Condiit hps_io
————————————————————  hfremt Reset Output
h2f_aw_dock CockInput ‘System_PL.
———————————————————  hf_ai master T Master :
R & add f2h_ax_dock (Clock Input ‘System PL.,
- = f2h_avi_dave AT Save [f2h_axi_do...| & 0x0000_0000 oxseee seee
h2f I ad dock  (Cock Input (System_PL.
G Devi Fanil £ j=fi=) hOf bn_axi mester A1 Mster [1f In_i
-a sdram_ck & £ Interrupt Receiver 130 0 130 81/
o slder_switthes fh il Interrupt Receiver ™m0 0 1RQ 31
= system_pl_ref_ck. E10E JTAG_to_HPS_BFi...| TTAG to Avalon Master Bridge
- system il ref reset & o tout system_pL.,
o ok reset Reset It
o video_plref L master Iavalon Memory Mapped Master &3}
- video_pl_ref reset master_reset Reset Output J
0 AR 25 1S A R o foca 8 _mic -
£ AV_Config
£ F2H_Mem_Window 00000000 A dft ¥ W current fiter:
3 F2H_Mem_Window _FF600000
3 F2H_Mem_Window _FF800000
3 HEX_HE =
0k HEXS_HEX4 Type Path Message
1 JTAG_to_FPGA Bridge A 7 Wamings .
1] JTAG _to_HPS _Bricge -
£ 1EDs A Computer_System.ARI_A9_HPS "C -FPGA user 0 " (desived_cfg_clk 1 100.0 Mz, but only
3 Onchip_SRAM A Computer_System.ARH_A9_HPS "QSPI dock frequency” (desired_qspi_clk_mhz) requested 4000 Mz, but orly achieved 370.0 Mz
g Z;:::"“"s A Computer_System.ARM_A9_HPS Tor more output dock be achi consider dock frequencie
£ sider Switches A Computer_System.VGA_Subsystem.Char_Buf_Subsystem.Char_Buf RGB_ Resampler Char_Buf_RGB_Resampler.avalon_rob_slave must be connected to an Avaon ¥ master

Computer_System.Video_In_DMA_Addr_Translation.master

|Master needs a minimum address width of 3 bits (has 2)

gl i J '

Comoutar Gustam Vidan Tn T DER Dacamnler

Vider Tn_DER

il

v clavamictha connactad tn an Aurdon MM macter

0 Errors, 7 Warmings

Puc. 72. HanamryBanHs cucteMu i1t 0OpOOKH BiJICOCUTHATTY

£ Qs - Computer System

File Edit Gystem Generate View Iools Help

(Bl MY

15 system contents 23‘ AddressMap % | Interconnect Requirements 5

=|[a ‘Svﬁelltcomwwjvsbem Path: System PLL

4

] o, subeysten (VGA_Subsyecen g -

had
Project # e comectons Name Desaipton Export Cock Base End RQ
W New Companent... . | E10E] JTAG_to_HPS_Bri... JTAG to Avalon Master Bridge -
ystem % dk (Clodk Input |System_PL...
Library dreset Reset Input
D;:‘ Facies = master [valon Memory Mepped Master k] L
G master_reset Reset Output
e P = V] JTAG_to_FPGA_B... TTAG to Avalon Master Bridge B
Memary Interfaces and Contralers ¥ &k (Clodk Input ‘System_PL...
rocessors and Peripherals 4 ck reset Reset Input
Qsys Interconnect master Avalon Memory Mapped Master [
-University Program master_reset Reset Output
E) F2H_Mem_Window .. Address Span Extender
dock (Clock Input System_PL...
resst Reset Input [dock]
windowed_slave {valon Memory Mapped Slave [clock] @ 0x4000_0000 Ox7EEE_EEEE
expanded_master |Avalon Memory Mapped Master [cock]
& SDRAM SDRAM Controler
dk (Cock Input ‘System_PL.
reset Reset Input [kl
Edt... sl |Avalon Memory Mapped Slave [k @ 0x0000_0000 0x03££_EEEE
B wire (Conduit sdram
& Onchip_SRAM (On-Chip Memary (RAM or ROM)
Devie Faml 14 jmf=] s1 \Avalon Memory Mapped Siave k] & 0x0200_0000 0u0303_£52
- sdran_ck z 2 Avalon Memory Mapped Siave (k1] & ox0200 0000 ox0803_sees
- sider_smitches it (Cock Input ‘System_PL..|
= system_pl_ref_ck reset! Reset Input k1]
B syt o ref reset El LEDs P10 (aralll1/0)
: :‘iﬂ i & (Clock Input 'System_PL...
o i AL L] reset Reset Input [
e video_pl_ef reset st Avalon Memory Mapped Siave @ . mixad mixed
@N]MJQ)WS i suternal rannartion f;',‘wim» lade &
£ AU_Config
<k F2H_Mem_Window_00000000 A= 4t ¥ T currentfilter:
£ F2H_Mem_Window_FF600000
£ F2H_Mem_Window_FF600000 m
- HEX3_HEXD
ok HEXS_HEX4. Type Path Message
1) TTAG_to_FPGA Bridge B4 7 Wamings .
0 JTAG_to_HPS Bridge - £
o1me A Computer_System.ARM_A9_HPS *Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk mhz)requested 100,0 iz, but orly 2 i‘
£ Onchip_SRAM A Computer_System ARM_A9_HPS "QSPI clock frequency” (desired_qspi_clk_mhz) requested 400.0 Mz, but only achieved 370.0 MHz
L :;f&::"“"s N Computer_SystemARM_A9_HPS Lor more output dock b consider dock frequendies.
- g Sider Switches N Computer_System.VGA_Subsystem.Char_Buf_Subsystem.Char_Buf_RGB_Resampler Char_Buf_RGB_Resampler.avalon_rgh_slave must be connected to an Avalon MM master

Computer_System.video_In_DMA_Addr_Translation.master

Wster needs a minimum adekess width of 3bits (res 2)

ke Tn Cub. Aan Tn DER Dacamnlan

il ] 3 1]

i

\idan Tn DR Dacamnlar suslnn b clavs mick ha rsnartad bn n Auslan 3l macker

QOErrors, 7Warnings

Puc. 73. HanamtyBanus cucremu 111 00poOKH BiI€OCUTHATY
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Qsys - Computer_System

File Edit System Generate View Tools Help

Systemasys

[Froemmms___ -oo

Interface Protocols
Low Power
Memory Interfaces and Controllrs

‘University Program

= system_pllref k.
system pl_ref_reset

video_pl_ref <k
= video_plref reset
0] ARM _A3 _1PS
¥ AV_Config
5 F2H Mem Window_00000000
<k F2H Mem_Window_FFE00000
o F2H Mem_Window_FFS00000
T HEX3_HEXO
5 HEXS_HEX4
0 JTAG_to_FPGA_Bridge
05 JTAG_to_HPS_Bridge
£ EDs
2 Onchip_SRAM
< Fushbuttons

£ SORAM

L I

1= System Contents 5 [ Address wep % | interconnectReaurements 54 | =
%/ ¥ System: Computer_System Path: System_PLL
# U comnections Name Desaiption Export Cock Base end RO
. ] reset1 Reset Input [akr] %
X g uDs PIO (Parallel /0)
dk (Clock Input ‘System_PL..
reset Reset Input [ckl
= st lvalon Memory Mapped Siave & 6. mixea mixea
= extemal _connection (Condit leds.
v B HEX3_HEXO PIO (Parallel1/0) I
=z & Clock Input (System_pL..
reset ResetInput [kl 3
st /Avalon Memory Mapped Slave &3] s mized Imixed
external_connection  Condhit hex3_hexd
B HEXS_HEX4 PIO (Parallel 1/0)
d Clock Input ‘system_pL_.
reset Reset Input @
s1 lAvalon Memory Mapped Siave ] 8. mixed mixed
external_connection  Condhit hexs_hext
B Slider_Switches PIO (Parallel 1/0)
(Clock Input (system_PL..
reset Reset Input @
st lAvalon Memory Mapped Siave [0 . mixsa minsa
external_connection  (Condhuit siider_switches
B Pushbuttons PIO (Parallel 1/0)
d (lock Input ‘System_PL..
reset Reset Input [k
s1 Avalon Memory Mapped Slave i 8. nized imixea
extemnal_connection  Conchuit pushbuttons
i Interrupt Sender [dq iHl
B Av_Config IAucio and Video Config Intel FPGA TP
d (Clock Input ‘System_PL..
- ettt o .
[ i '
b VW currentfitter:
Trpe Path Message
A 7 Warrings
N Computer_System ARM_A9_HPS g user0. * (desired_cfg_dk_ 100.0 MHz, butonly 2= |
N Computer_System ARM_AS_HPS “QSPI clock frequency” (desired_qspi_clk_mhz) requested 400.0 Mz, but oy achieved 370.0 Mz
7y Computer_SystemARM_AS_HPS Lo more output dock be achieved preciel revsing dlock fiequendies.
A Computer_System.vGA_Subsystem.Char_Buf_Subsystem.Char_Buf RGB_Resampler Char_buf_RGB_Resampler.avalon_rgh_slave nust be connected to an Avalon 1M master
A Computer_ _In_DMA_Addr_T: [Master needs a minimum address width of 3 bits (has 2)
pm— P PPy —— e 1 DR = R

] ’

0Erors, 7 Warmings.

Puc. 74. HanamryBanHs cuctem Jijisi OOpoOKH BiJICOCUTHAITY

Qays - Computer Syste

File Edit System Generate View Tools Help

B JTAG_to_FPGA Bridge
0 JTAG_to_HPS_Bridge
- LEDs
4 Onchip_SRAM
£ Pushbuttons
5 SDRAM
L Slider_Switches
UB]system_pLL

4 il ]

1] VoA Subaysten [VGA_Subsystem.q <

'

7 Warnings

w = || 1= systemcontents 57 I Address Map 5% ‘ Interconnect Requirements 5% ‘ o=
y =[] [ system: Computer_System Path: System_PLL
# |use  comnectons Mame Desaription Export Clock Base End RQ
: | + i Interrupt Sender K] i<
X B AV_Config ucio and Video Config Intel FPGA TP
de (Clock Input ‘System _PL..
S Findions - reset Reset Input k]
avalon_av_config_slave|Avalon Memory Mapped Save K e mixed lmzed
E:’::memm‘s A external interface | Condhit lav_config
‘Merory Tnterfoces aind ot v & Video_In_DMA_addr...DMA's Front and Back Buffer Address
‘Pracessers and Peripherals = dodc (Clock Input (System_PL...
-Qsys Intercomnect reset ResetInput [dock]
Uriversity Program dave ‘Avalon Memory Mapped Siave fdock] & 0x0000 3050 ox0000_306%
master /Avalon Memory Mapped Master fidock] I
] VGA_Subsystem  |VGA_Subsystem
dhar_buffer_contral_... |Avalon Memory Mapped Siave [yeck]  |& oxgzzo_s030 oxz£20_303¢
dhor_buffer_slave |Avalon Memory Mapped Save fysckl & 0x0300_0a00 on0300_1££2
pixel_dma_control_slave|avalon Memory Mapped Slave fys.ckl | oxszzo_sozo oxzz20_s0zs
pixel_dma_master |Avalon Memory Mapped Master fevs_ck]
rob_slave IAvalon Memory Mapped Siave [eve_ci] mixed mixad
sys_dk Clock Input System_PL..
= oy sy reset Reset Input
vga (conduit vaa
vga_ck Clock Input Video_PLL.
2 Device Famil 5 =l=] vga_reset Reset Input
= sdram_ck - B 1 Video_In_Subsyst... Video_In_Subsystem
= sider_suitches sys_dk Clock Input ‘System PL.
= system ol ref_ck sys_reset Reset Input
syt ol ref et videa in Condiit video_in
B v video_in_dma_control...|Avalon Memory Mapped Slave lysdl  |& mixea Imtxed
otz L L) video_in_dina_mster | Avalon Memory Mapped Master lsvecl
B koo i o et video_in_edge_detec... |Avalon Memory Mapped Siave [ys.c]  |& mirsa minsa ‘
1] Arw_no_ps o 1M tem Windew .1 k&
4 AV_Config
S F2H_Mem_Window_00000000 o At W W currentfilter:
3 F2H_Mem _Window_FFE00000
£ F2H_Mem _Window_FF00000
£ HEX3_HEXD =
ok HEXS_HEX4 Path Message

A& Computer_System.ARM_AS_HPS " Configuration/ HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.01rz, but only 2 =
Y \Computer_System.ARM_A9_HPS "QSPI clock frequency” (desired_qspi_dk_mhz) requested 400.0 MHz, but only achieved 370.0 MHz
A\ \Computer_System.ARM_A9_HPS 1 or more output dock frequencies cannot be achieved predsely, consider revising desired output dock frequendies
I A \Computer_System.VGA_Subsystem.Char_Buf_Subsystem.Char_Buf_RGB_Resampler Char_Buf_RGB_Resampler.avalon_rgb_slave must be connected to an Avalon M master

Computer_System.Vide

_In_DMA_Addr_Tr

Jati

st

Master needs & minimum address width of 3 bits (has 2)

Fmmestar Evmbom \idan T

\Rden 1o DR o b b o A e it

0Frrors, 7 Warnings.

]

Puc. 75. HanamryBanHs cuctemu Jijisi 0OOpOOKH BiJICOCUTHAITTY.
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& Qsys - Computer 5 (EADEI_SoC_KPI\Video\Computer_Systemgsys). =)
File Edit System Generate View Tools Help
B Caog | ¢ _ = o[ systemcontents 32 \ Addresshap 5% ‘ e o=
N 3 = ||| W8 system: Computer_System  Path: System PLL
Project # |Use  Comnections Hame Description Expart Clock Base End RQ
W New Component... 2| g 116 VGA_Subsystem  |VGA_Subsystem -
| [ -svstem % ehar_buffer_control_... |Avalon Memory Mapped Save Eysdd (@
Lr::’;;"t i o) char buffer siave | Avalon Memory Mapped Save Eysdd  |a
peies = pixel_dma_control_save Avalon Memory Mapped Siave Eysdd |8
- Interface Protocols " pixel_dma_master |Avalon Memory Mapped Master (eys_cid
F-Low Power rgb_slave IAvalon Memory Mapped Save eys_cid mixed mixed
- Memory Interfaces and Controllers W sys_dk (Clock Tnput System_PL...|
1-Processors and Peripherals x sys_resat Reset Input
1-Qsys Interconnect vesl Condit luga
Ebloyesty frogam vga_ck Clock nput Video_PLL..
vga_reset Reset Input
B Video_In_Subsyst...\Video In_ Subsystem ‘ i
sys_ck (Clock Input ‘System_PL. =
sys_reset Reset Input I
video_in (Conduit video_in
videa_in_dma_control..|Avalon Memory Mapped Slave Eysdd (8
video_in_dma_master |Avalon Memory Mapped Master eys_cid
video_in_edge_detec... |Avalon Memory Mapped Slave Eysdd |8
F Add. B F2H_Mem_Window_... ddress Span Extender
dock Clock Tnput ‘System_PL..|
reset Reset Input [cock]
 HEGEEs| Devierami 8| _ 81 windowed_save |Avalon Memory Mapped Siave [dock] & oxees0_on0o
7= sdram_ck. B ‘1| expanded master  |Avalon Memory Mapped Master [coc]
5w sicer_sitches B F2H_Mem_Window_... ddress Span Extender
B systeni ol rafi o dock (Clodk Tnput \System_PL..|
hid) ZS:"‘J”JEU““ reset Reset Input [dock]
St windowed_siave IAvalon Memory Mapped Save [cock] & oxza0_oooo oxgzes sees
e e LK - “——|  expanded_master |Avalon Memory Mapped Master [dock]
1w video_plref reset (&} =L#] "
(-0 ARM A9 HPS o - | !
#-F AV_Config |
& % F2H_Mem_Window_00000000 rl At ¥ W currentfilter:
(5} 03 F2H_Mem_Window_FFE00000
- HEX3_HEXD |=
5 o HEXS_HEXS Tipe Path Message =
1 TTAG_to_FPGA _Bridge = 7 Warnings .
#-[ TTAG_to_HPS_Bridge = = = =
i N Computer_System.ARM_A9_HPS PGA user (desired_cfg_cllc_mhz) requested 100.0 MHz, butonly 2 = |
-4 Onchip_SRAM A Computer_SystemARM_AS_HPS “QSP1 clock frequency” (desired_qspi_clk_mhz) requested 400.0 briz, but orly achieved 370.0 Mz
g :;f:;mns & Computer_SystemARM_A9_HPS Lor more autput clock frequencies cannot be achieved precisely, consider i cock frequendies.
5o Sider_Switches N Computer_System.VGA_Subsystem.Char_Buf_Subsystem.Char_Buf_RGB_Resampler Char_Buf_RGB_Rq K lon_rgb_: connected to an Aval
-1 Ay Computer_: )_In_DMA_Addr_Translati st [Master needs a minimum address width of 3 bits (has 2)
M % Sabmya e VO Subaysten: gy,  Comeitar Gictant\idas 1o Y-y y— =y e 3o DEB Cacamatar musdon ook deiea piictbe o e h o A
T i [ i %) ’
0 Errors, 7 Warrings

Puc. 76. HanamryBanus cuctemu Jijisi OOpoOKH BiJICOCUTHATTY

5. BaxnuBy QyHKIIIt0 TTpy 00p0OIIi BiIECOCUTHAITY BiAirparoTh YOTUPU KOMITOHCHTH -
AV_Config, VGA Subsystem, Video In_Subsystem,
Video In DMA Addr_Translation. Po3risineMo iX OUTbII YBa)KHO.

6. O6epith komnoneHT AV _Config, HaTUCHITH TIpaBy KHOMKY MHIII Ta 00€piTh
komannay Edit.

7. BimkpueThCs BIKHO HalaIITyBaHb, sIKE TTOKa3aHo Ha puc. 77.

8. Lleit MOIyb BHUKOPUCTOBYETHCS JJISI HAJIAIITYBAHHS 30BHIINIHBOIO BiJCOKOJCKA
ADV7180, mo po3zramosanuii Ha Tati DE1-SoC. Hamamryiite #ioro Ha 00poOKy
Bijleocurnainy ¢popmary PAL.
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Puc. 77. Bikno nanamryBanb moxynst AV_Config

% Audio and Video Con
%& Audio and Video Config Intel FPGA 1P
Megators” altera_up_avalon_audio_and_video_config
[ Block Di -
- Fa
[T show signals Audio/Video Device: | On-Board Peripherals
DE Board: DE1-S0C
AV Caonfig L -4
Auto Initislize Device(s)
17 A = = ey
L N Audio In Path: | Microphone to ADC ]'
s cen R vE R i Audio Out - Enable DAC Output
pedernal interface | g 7] Audio Out - Microphone Bypass
atiera_up_avalon_audia_and_video_canfig

Audio Out - Line In Bypass

Data Format:
Bit Length:
Sampling Rate:

E T

Video Source Format: [pa

[~ Auto

fnlrﬁl‘lcgaﬁxtl'(mmﬁlﬂ]ﬂ_nm)

Resolution:

["] Enable external exposure port

9. O6epith komnoHeHT Video In_Subsystem Ta BigkpuiiTe fioro mjs pemaryBaHHS

(puc. 78).

Megotors”

—
;.: Video_In_Subsystem - Vi

Video_In_Subsystem

Video_In_Subsystem

|"Blnd(D'mgram

[] Show signals

sys clc

Video_In_Subsystem

video_in_dma_control_slave
p—— —

video_in_edge_detection_control_slave
avalon

‘ddea_In_Subsystem

video_in_dma_master
— e —d

@ Info: Video_In_Subsystem.Video_In: Video In Stream: Format: 720 x 244 (Odd Frames) or 720 x 243 (Even Frames) with Colour: 8 {bits) x 2 {planes) (YCrCb 4:2:3)

@ Info: Video_In_Subsystem.Video_In_CSC: Colour Space Conversion: & (bits) x 3 (planes) (444 YCrChb) -> & (bits) x 3 (planes) (24-bit RGE)
@ Info: Video_In_Subsystem.Video_In_Chroma_Resampler: Chroma Resampling: 8 (bits) x 2 (planes) -= & (bits) x 3 (planes)
@ Info: Video_In_Subsystem.Video_In_Clipper: Change in Resolution: 720 x 244 -> 640 x 240

@ Info: Video_In_Subsystem.Video_In_Edge_Detection_Subsystem.Chroma_Filter: Chroma Resampling: 8 (bits) x 3 {planes) -= 8 (hits) x 1 (planes)
(@ Info: video_In_Subsystem.Video_In_Edge_Detection_Sub

Chroma_|

+ Chroma Resampling: 8 (bits) x 1 (planes) -= & (bits) x 3 (planes)

@ Info: video_In_Subsystem.Video_In_RGB_Resampler: RGE Resampling: 8 (bits) x 3 (planes) -> 16 (bits) x 1 {planes)
@ Info: Video_In_Subsystem.Video_In_5Scaler: Change in Resolution: 640 x 240 -> 320 x 240

m

Puc. 78. Bikno HanamtyBanb koMrnoHeHty Video In Subsystem
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10. byap K1 HamamTyBaHHA Uil LOrO KOMIIOHEHTY BiacyTHi. lLleit momynb
BUKOPHUCTOBYETHCA JJI1 OOMIHY JaHUMU MDX BIJJ€EOKOJEKOM Ta CHUCTEMHOKO HIMHOIO
Avalon. B indopwmariiiinomy BIKHI MOXKHa [MO0QUUTH HAJAIITYBaHHS OKPEMUX
CKJIAJIOBUX I[OTO MOJAYJI0. TakuM k€ YMHOM MOXHA MEPErJISTHYTU HalallTyBaHHS
BCIX CKJIQJJOBUX YACTHUH, SIK1 OPMYIOTh cUCTEMY OOPOOKH BIJEOCUTHATY.

11. 30epexiTh HanamTyBaHHsa cucremMu. Bukonaiite komanny Generate -> Generate
HDL.

12. Tloepuithest 10 npoekty y CAIIP Quartus. V ¢aiini BepXHbOro piBHS 1€papxii
3aKOMEHTYWUTE CUTHAJIU, IKi HE BUKOPUCTOBYIOThCS y Moyl Computer System.

13. 30epexiTh MPOEKT Ta 3aIMyCTITh HOTO HA KOMIILISIIIIO.

14. Ilicns  ycmimHOT  KOMIUIALIT  MPOEKTYy TMEPEeXOJAMMO O HaJlallTyBaHHS
nporpamMHoro 3aoOesrnedyeHHs. JlJis 1bOro HEOOXIJIHO CTBOPUTH HOBUU MPOEKT Y
cepenosuiiii Monitor Program.

15. [lepen modaTKkoOM, 3aBaHTaXTE JO poOOOUYOi JUPEKTOPIi MPOEKTY IANKy
app_software Lab6 3 d¢aiinamu nporpaMmHoro 3abes3rnedeHHs (J0JaTOK J0
BUKOHAHHS JIA0OpaTOPHOi poOOTH).

16. BkaxiTh poOouy AUPEKTOpito MpoeKkTy (app_software), Ha3By npoekTy — video,
Ta apxiTekTypy - ARM Cortex-A9.

17. O6epite Custom System, BijnoBiaHi ¢aiiinu sopsinfo ta sof. Preloader -> DE1-
SoC.

18. O6epits Tumn nporpamu - AXF, ELF or SREC File.
19. B sixocTi BXinHoro ¢aiiny ooepith video.axf.
20. HactymHi HayTamTyBaHHS 00€piTh 32 3aMOBYCHHSIM.

21.Ilicnst 3aBaHTaKEHHS CHUCTEMH BHUKOHAWTE 3aBAaHTAKEHHS MPOrpamMu  J0
nporiecopHoro siapa ARM.

22. Jlnga mepeBipKd MporpaMud  HEOOXITHO MiJKIIOUUTH BiJI€OKaMepy JO BOIY
VIDEO IN Tta moniTop no Buxoay VGA mnatu DEI1-SoC. Ilporpama mnpaioe
HACTYITHUM YHMHOM — TMICIIA TOSBU 300pakeHHs, HaTucKaHHS kHOmku KEY 0
NPU3BOANTL N0 T0sABM cron-kanpy. IloBropHe HatuckanHs kHonku KEY 0
BiIHOBIIOE BimeonoTik. [lepexmtouenns mnepemukadya SW[0] BMukae oOpoOKy
300pakeHHs 3 BUKOpUCTaHHsIM QuibTpy edge detection.

23. IlepeBipTe poOOTY MpOrpaMH.
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3. CamocriiiHa po6oTa 10 yacTuHu 1.

CrpoOyiiTe moorpalfoBaT MporpamMHe 3a0e3MeUeHHs] peali3oBaHOro (DUIbTPY AJis
3MIHU Or0 HAJIAITyBaHHS.

Yactuna 2. O0poOka Bizeocuruay 0e3npounecopHo CHCTEMOIO.

1. Jlnst BUKOHAHHS 11i€1 YaCTUHU POOOTH CKOPUCTYEMOCH MPOEKTOM, IO HAJIAETHCS
komrianiero Terasic. PozapxiByiite npoexkt DE1 _SoC TV, mo micTuThCcs y 1oaaTkax
710 1abopaTopHOi poOOTH.

2. Biakpwuiite 1eit npoekt y cepenoBuii Quartus Prime.

3. YVBaXXHO TEperiasiHbTe CTPYKTYypy MPOEKTYy Ta 3'ACylTe, $KI KOMIIOHEHTHU
BUKOPHUCTOBYIOThCSL s 00poOKku BifeocurHany. CmpoOyiite posibpatucs 3 iX
IPU3HAYEHHSIM.

4. CKOMIUTIONTE OPOEKT, Ta 3aBaHTaxTe Horo g0 miatu DE1-SoC.

5. IligkmoouiTh A0 IUIATH Bijgeokamepy Ta MoHitop. llepeBipre poOOTy cucTemH.
Sxmo Bce 3pobneHO TpaBUIBLHO - B MoOBHHHI MOOaYMTH HA €KpaHlI MOHITOPY
300paXeHHsI 3 BlJICOKaMEpH.

4. CamocTiiiHa po00oTa 10 YACTHHH 2.

JloomparifoifTe MPOeKT TaKUM YHMHOM, 100 Oylia MOKJIMBICT BUBOJAUTH HA MOHITOD
4OpHO-O1JIe Ta HEraTUBHE 300pakeHHs. [ MepexItoueHHs] MK peXKUMaMU MOKHA
BUKOPHUCTATH NIepeMuKayi, siki po3ramoBani Ha muiati DE1-SoC.

5. KoHTpO/IbHI 3alIUTAHHS.
1. SIxe mpuznauenus moayito Video In DMA Addr Translation?
2. SIxy ¢yHKIiO BUKOHYE MOysb Video In Subsystem?
3. B yomy nonsirae npuniun podotu Guibtpy edge detection?

4. Axi moayni BukopuctoBytoTbes B poekti DE1_SoC TV? IoscHiTs iX
MpU3HAYCHHSI.
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7. JlaGopatopHa podora Ne 7. 3apanTa:xkeHHsi Linux Ta po3po0ka nmepuioro
MOIYJIfAA

1. Beryn

Jlna Toro mo6 3aBaHTaxkuTu Linux DE1-SoC HeoOXigHO 3aBaHTaKUTU
310panuit 06pa3 Linux 3a mocusanusM (puc. 79):

https://www.intel.com/content/www/us/en/developer/topic-technology/fpga-
academic/materials-embedded-systems.html

Embedded Systems

Summary Frerequisites
These lah exercises are designed ta accompany an intermediate course in embedded systems design + Famlliarity with the Qresenham line-drawing
using Linux* on the Arm* processar found in Terasic DE-Series Sof FPGA development kits. Topics algorithin

wovered include: = Linne kernel rmodules

» Getring started with |inuy Recommended Tools & Tutorials

* Develaping embedded programs that communicate with an FPGA
= Interlacing with character device tivers
» Crealing graphics arimation, and auio

aiwenioad All Materials
By Whe end of Wis course, students will have practisal knowledge o Roweiond Al Sacral

 Wiriring |inus kernel mactles that use device drivers,
+ Designing user-level programs that ise avallable hardwars resaurces,
WA display

= Graphics and animat

= Using Ue ADXLIA S acceleromaler

Professors: Fnroll in the Intel® FPCA Academic Program to request solutions, source material, software
licenses, and teaching hardware. Membership Home

Linux* SD Card Images

The Intel” FPGA Academmic Program provides Linux® S0 card images for use with the ARM® processor on lerasic DE-senes boards,

‘/ Obupaemo sepcito Quartus, aka BcTaHoBNeHa Ha MK

Chonse your versian of Intel® Quartus! soffware: 18,1+

O6paz Linux ana
DE1-Soc Titte Downloads

Linux 5D Card Images

DETO-Standard Linux SO Card Image ZIp
DLT Mane Linus 50 Card Image o
UEW-SOCLI‘UXSDEMdImaEE zp
MF0-Nzne-5al | inux ST Card Imags 7ie

Puc. 79. [locunanns, n1e MokHa BUKayaTu oopa3 Linux

2. ITopsiioK BUKOHAHHS PO0OTH.
1. Mam notpibHo po3apxiByBatu 3aBanTaxeHuit DE1-SoC.zip

2. 3aBaHTa)XXTe Ta BCTAHOBITH mporpamy 3 iHTepHery Win32 Disk Imager nis 3anucy
obpazy Linux (DE1-SoC-UP-Linux.img) Ha microSD 3a TOCHJIaHHAM:
https://win32diskimager.org/#google vignette.
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3. BcraBte kaptky microSD (8 I'b abo Oinbliie) y mpuCTpiid YMTaHHS/3aMUCY KapTKU

microSD Ha KoMIT'10Tepi, a MOTIM 3amycTiTh nporpamy Win32 Disk Imager.

*4 Win32 Disk Imager

E=E—")

Image File

D:/DE 1-50C-UP-Linux.img

Copy | [T] MD5 Hash:

Progress

Device

I

Version: 0.9.5 Cancel |

Read “

write || Exit |

Waiting for a task.

Puc. 80. Bikno Win32 Disk Imager
4. Bubepith JiTepy AMCKa, BIANOBIAHY KaptTii microSD y po3aum «Device», sik
MokasaHo Ha puc. 80.

5. Bubepits 06pa3 DE1-SoC-UP-Linux.img y po3aini «Image File» sik moka3zano Ha

puc. 81.

-
“& Win32 Disk Imager

~

=B B

Image File

Device

D:/DE1-SoC-UP-Linux] T Complete

==

Bl -

Copy | || MD5Has

'0' Write Successful.

Progress

Version: 0.9.5

Done.
. 4

Puc. 81. 3anuc o6pa3y linux g0 microSD

6. Hanamryiite DE1-SoC st Bukopuctanus Linux. CnouaTky nepexkoHauTecs, 1o
miata DE-cepii BUMKHEHa, a oTiM BcTaBTe KapTy microSD Linux y microSD cror
st kapTtd. [lepmn HK yBIMKHYTH IUIaTy, MepekoHairecs, mo nepeMukadi MODE
SELECT (MSEL), sxi 3HaXoaAThCS Ha HIDKHIM CTOPOHI IUIATH, BIJIMOBIIAIOTH
napameTpam, 300paxxeHuM Ha puc.82. Lli mapamerpu HamamroByroTh uin SoC
Cyclone V takum umHoM, 110 nporpamyBants [IJIIC BinOyBaeThCcsi 3a AOMOMOTOIO
nporecopy ARM. Crnija 3a3HaunTH, 1110 BHECEHHS I1i€1 3Mi1HU 10 nepemukadiB MSEL
He 3amobirae nporpamyBarHio [1JIIC 3a 70mMOMOTOI0 IHITUX METOIB, HAIPHUKIA, 32
JIOTIOMOT 010 MporpamyBaHHs 3 cepenoBuia Intel Quartus Prime.

Puc. 82. HanamryBanns nepemukauiB MSEL Ha miati cepii DE
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7. Ilinkmouith maty DE-cepii 710 xocT-koMmit 10Tepa 3a jonomororo kademto USB.

8. Jlanmi HeoOXxiaHO 3aiiTu A0 nucneryepy npuctpoiB Windows ta noguButuch COM-
nopt mix’enHanoi rwiath. Ha puc.83. mokazano cmucok poctynHux COM-mopTtiB
JTUCTIeTYepa MPUCTPOIB HA OJTHOMY KOHKPETHOMY KoMIT'ioTepl. TyT € nuiie oauH
COM mnopt (UART-USB), skomy mnpucBoeno HOoMep 3 (COM3). Skmo Oyro
nepepaxoBano Oiumbme COM-moptiB, To UART-USB -mopr Mo)kHa BH3HAYUTH,
Bil'€THABIIIM Ta 3HOBY MiAKIIOYUBINN Kabenb, mo0 mobaunt, skuii mopt COM
3HHKAE, IOTIM 3HOBY 3’ SBIISIETHCSI Y CITUCKY.

% Device Manager
File Action View Help
e @ HEm B

) Human Interface Devices
== |DE ATA/ATAP| controllers
:i";' Imaging devices
E=l Keyboards
[g Mice and other pointing devices
[ Monitors
!! Multifunction adapters
[ Network adapters
H Portable Devices
@ Ports (COM &L LPT)

@ USB Serial Port (COM3)
™= Print queues

= Printers

Puc. 83. Buznauennss COM-nopty 3'ennanns UART-USB y ucnetuepi
IIPUCTPOIB

9. lami

https://putty.org.ru/download.html

HEOOXIIHO 3aBaHTAXKWUTH Ta BCTaHOBUTH Putty 3a mocuiIaHHIM:

10. 3amyctiTe mporpamy Putty. BubGepite manens "Serial", BCTaHOBITH MIBUIKICTDH
(mBHAKICTH Tiepeaadi nanux) a0 115200 6iT B cekyHay Ta BBeniTb HOMep COM-
nopty. [Ipuknan HamamTyBaHb NOKa3aHo Ha puc. 84.

ﬁ PuTTY Configuration ? X
Category:
'f:-Session Basic options for your PuTTY session
Logging : :
L Terminal Specify the destination you wantto connectto
bl Keyboard Serial line Speed
Bell |coms3 |[1152000 |
- Features )
-;:-Window Connection type:
Appearance (0JSSH @ Serial () Other | Telnet w
-~ Behaviour
- Translation Load. save or delete a stored session
[} Selection Saved Sessions
- Colours ‘
=-Connection
Data Default Settings Load
- Proxy
[#-S35H Save
- Serial
- Telnet Delete
--Rlogin
- SUPDUP
Close window on exit
() Always () Never (@) Only on clean exit
About Help Cancel

Puc. 84. HanamryBanns Serial mopty B Putty
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11. HatucHiTe Open miciisi IbOro Ma€ BIIKPUTUCS BIKOHIIE SIK Ha pUC. §5.
[ com7 -puTry (= @ o]

Puc. 85. Tepminan Putty, mo BigoOpaae TEKCT Mij Yac 3aBaHTaKEHHS s/Ipa
Linux.

12. HacTymHIM KpPOKOM HEOOXIMHO Tix’emHaTH IiaTy a0 komm 'rotepy Ethernet
KabeneM.

Cain 3a3naunTn: Ilnara cepii DE Ha/lamroBana Ha BUKOPUCTAHHA 0yIb-SIKOI
3 1BoX Mepe:keBux aapec IPv4 yepes Ethernet: 192.168.0.123 ta 192.168.1.123.
s Toro, mo0 XocT-KOMII'IOTep MiaAK/JI4YaBca 10 miatu cepii DE, mepeika
rOJI0BHOI0 KOMII'IOTEpa Ta ajpeca IUVIATH NMOBHHHA 3HAXOAMTHCH B OIHIi
nigMepexi. Ile o3Havae, MmO MepekeBa ajapeca TroOJOBHOI0 KOMII'KOTepa
noBuHHA Matu gopmy 192.168.0.xxx ado 192.168.1.xxx.

13. Hani nHeooOximno 3minutu [P-aapecy mnatu DE1-SoC. g uporo HeoOXiaHO B
TepMmiHail yepe3 komaHay ifconfig neperssinytu Ta 3minutu [P-anpecy. Hanpukinan,
MPUITYCTUMO, 1110 BaIll roJioBHUI koM totep mae [P -aapecy 192.168.86.33. Toxi Bu
Moxkete ckopuctatucs komanaorw ifconfig eth0 192.168.86.123 o6 3minutu IP -
aZpecy Bamoi miatyu. Y 1 koManai 123 € e npukiIagoM - 1ie Moxke Oyt Oyib -
SIKE€ YUCJIO, SIKE HE BUKOPUCTOBYETHCS Y MIAMEPEK] MapIIPyTU3ATOPaA. 3ayBaXKTe, 110
ethO - me Ha3Ba mopty Ethernet, noctymroro mis Linux. BignoBigHi HaamTyBaHHS
300pakeHo Ha puc.86.
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Puc. 86. Bimobpaxxenns inpopmairii mpo [P-anpecy mmatu

14. Inmmii BapianT — e 3MiHUTH [P-agpecy Bamoro kommn’rotepa. 3aiiiTh B MaHeNb
kepyBanass Windows. Ha maneni kepyBaHHS BiakpwiiTe TMyHKT LleHTp Mepexi Ta
CIIUTbHOTO AoCTyIy. HaTuCHITH 3MIHWTU HaNAIITYBaHHS aJanTepa, a MOTIM KJIAIHITh
IpaBOK KHOMKOK Mumi Ha agantepl Ethernet 1 BiakpuiiTe aAlasoroBe BIKHO
BnactuBocti. Buninmite nportokon IP Bepcii 4 (TCP/IPv4) myHKT 1 HaTHCHITH
BnactuBocti. Ha Bknaaii 3aransHi HaTHCHITE BukopucroByBatu Taky IP -anpecy. ¥V
noii [P -anpeca BBeaith 192.168.0.xxx (ab6o 192.168.1.xxX), A€ XXX - IIe¢ HOMEp 32
BalllUM BUOOpPOM (AKUM I1I€ HE BUKOPUCTOBYEThCA y miaMepexi). Y mose Macka
nigMepexki BBeAiTh 255.255.255.0. 3anuire mosie NUTIO3Y 3a 3aMOBYYBAHHSIM
NOPOXHIM pHc. 87.

| €«
| Ethernet: cEO/iCTBa X Ceonciea:
w . soicTea: IP sepcum 4 (TCP/IPv4
| @ rroen Ethernet a = g
Cem  floetyn Obuime
| ; v Ethernet
p @ Mopx nioverme uepes MNapameTpel [P MOXHO HA3HAYATD BBTOMATHYECKH, ECIH CETL
Com v Hirepe & Reaktek PCle GbE Family Controller NOAAEPXMBAET 5TY BO3MOXKHOCTE. B NPOTHBHOM CRyHae y3HaiTe
= napameTpel IP y ceTesoro aaMMHMcTpaTopa.
ConyTCTBYIOLIWE NapaMeTphi (O NonyunTs IP-anpec asToMaTHHECM
5 ) ) Omveyetbie KOMNOHEHTHI MCTIONLSYIOTCH 3TUM NOAKMOYEHUEM -
& Wi-F S et i (® UcnonbsosaTe cneayouwsi IP-aapec:
V| E3 Knvent ans cetedt Microsoft A~ = pi
et V| 8 06wmn gocTyn k @ainam u npuHTepam ans ceTed Mi IP-agpec: 192.168. 0 . 33
s vl 8 VirtualBox NDIS6 Bridged Networking Driver
= P Macxa noaceTi: 255.255.255. 0
- e ¥l ‘T Nnaruposuwux naxeTos QoS
Hafiop Homepa =
LAM'R P sepcin 4 (TCP/IPvd) OcHoBHo# Wno3:
- v 4. MpoTokon MynbTMNnexcopa ceTesoro anantepa (Mai
| vl 5 Opaisep npotokona LLDP (MankpocodT) v
| . Cnpaska 8 UHTepHeTe < >
| @ Pewu <o cauoneres P (@ VcnonssosaTh cneayolre anpeca DNS-epeepos:
| nobae v
L S ‘cTaHoBMTS CaoitcTea &
| NMCSrs Npeanow-sraemsii DNS-cepsep:
| Ormcarime
|

MpoTokon TCP/IP. CraHaapTHuiA npoToKon rnoBansHsx AnvermmeM NG copmep: | ¢ - 5 |

@ Npoxos-cepoep @ o) "
ceTed, OBECTEHMBAIOIA CBASE MEXAY DASNHIHBIMK
| r 533HMOSEACTEIOLMA CETAVY
| [[JrioatsepasTe napaMeTpe npu seixone JY———
K
B [ omen

Puc. 87. HanamryBanns IP-agpecu kommn’rotepa

15. Ilicns Toro, sIK BH BCTAHOBWJIIM MEpEXKEBE 3'€JHAHHA MDK BallUM XOCT-
KOMITIOTepoM Ta 1iator cepii DE, Bu Moxkere ckopucratucsa mporpamoro VNC
Viewer Ha BalioMy TOJIOBHOMY KOMIT'FOTEpl I MIAKIIOYEHHS A0 rpadidyHOro
iHTtepdeiicy Linux. VNC Viewer MOXHa 3aBaHTQXUTH 332 TMOCHJIAHHSM:
https://www.realvnc.com/en/connect/download/viewer/
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16. Binkpuiite mporpamy VNC Server Ta BKaxiTh aapecy cepBepa (ratu). Ha puc.
88. BukopuctoByetbes [P -ampeca 3a 3amoBuyBaHHAM 192.168.0.123, a mopt 5901

BKAa3aHO BIJIIOBIIHO 10 BUMOT.

2 VNC Viewer - X ‘
VNC® Viewer 2
NG server: [ EERTERREREE -]
Encryption:  Let VNC Server choose » ‘
About... ‘ Options...

Puc. 88. Jliamorose BikHO Real VNC
17. Hatucuite kHOMKYy «Connect» 1 BIAKPHUETHCS 1HIIE TIATOTOBE BIKHO, Y SIKOMY
Oyzae 3ampoNOHOBAaHO BBECTH MAapoiib, BBEIITh MHaposb password. B pesynbrati

MOSIBUTHCS BIKHO Tpadiunoro inTepdeiicy Linux (puc.89).

Ubuntu Desktop

Puc. 89. OcnoBue BikHO Real VNC
18. lms mepemawi  ¢aimie 3 KoMIm'roTepa 10 cepBepy (tutatm)  Oyne
BUKOpUCTOBYBaTUCh mporpama FileZilla, ska pmocTtynmHa 3a NOCHJIAHHSM:

https://filezilla-project.org/
19. 3amycTiTh FileZilla Ta B komipii «Xoct» BBenith [P- anpecy minatu. Beegits iM’s

KOpPHUCTyBada — root, maposb — password, mopt — 22 (puc. 90.).

sftpy//root@192.168.0.123 - FileZilla

Qaiin Pepakaposatve Bua MMepejaua Cepsep 3aknaakn MMomows JocTymHa HoBas sepcnal
0o R = = 5

H#-|E = o0V ITAaH

| Napogs: [eesesess | mopr: I:l BBICTPOE CoeAVHEHME ‘E‘

192.1680.123 X | sftpi/ro0t@®192.1680.123 X |

v | Yaanesnwii cavr: ‘/hume/mu(

=+ Pabounii cron B2/
[loKyMeHTb1 -2 home
- S 3707 komnbioTep root
£ C

Puc. 90. [lianorose BikHO FileZilla.
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20. PozapxiByiite apxiB 1 _Linux On DE Series Boards.rar B 3py4Hy Jj1s Bac Marky
ta yepe3 nporpamy FileZilla nmepekunsTe BMICT apxiBy (a came tutorial files ms
DE1-SoC) no ceprepy (miatu).

21. B mammi tutorial files € Tpum mamkm, a came helloworld, increment leds,
pushbutton_irq_handler. ITepeitnemo B manky helloworld Ta 3amyctuMo mporpamMmmy
helloworld.c. /Iis Toro mo6 ckoMIiTIOBaTH IporpaMmMy HaOUpaeEMO KOMaHIy gCC

22. helloworld.c -0 helloworld, ne BigMOBiAHO mepIIUii apryMeHT -1me (Qain
BuxijgHoro koay helloworld.c, npyruii - -o helloworld, iHpopmye kKomminsaTOpY, 11100
TOM cTBOpUB BUKOHaBuui (aitn 3 HazBor helloworld. Komu kommusmis Oyze
3aBepIlieHa, MU 3MOKEMO 3alyCcTUTH nporpamy Habpasiu ./helloworld. B pesynbrari

Mae Oytu BuBeaeHui psagok “Hello World!” (puc. 91.)
2B COM7 - PuTTY E=EE)

Puc. 91. Buxonanns nporpamu HelloWorld.c
23. Buiinite 3 manku helloworld ta mepeiizite B mamky increment leds. Tam
3HAaXOJIUThCS Mporpama increment leds.c.
24. CkoMIUTIONTE Ta 3aIllyCTiTh JAaHy MPOrpamy, BUKOPUCTOBYIOYM KOMIUISTOP gcC
Ta IPOJIEMOHCTPYHUTE BUKOHAHHSI IIPOTPAMHU.
25. B mammi pushbutton irq handler 3naxonutbess Moayns sigpa Linux mij Ha3BOIO
pushbutton _irq handler.c. 3i6patu #ioro Bu mMoxkere 3a momomororo Makefile. J[ms
IFOTO B TEpMiHaJl BBEAITh KoMaHAy make, micis mporo BU moOaunTte 3i0paHuii
pushbutton _irq handler.ko. 3amyctutn #i0oro Mo’kHa KOMaH/I0tO
26. insmod pushbutton_irq_handler.ko IIpogeMoHCTpyiiTe BUKOHAHHSA TPOrPAMH.
Hns  Toro  moOO0  3yNMHUTH  MOIYJb  BBEAITh  KoMmaHay  rmmod
pushbutton_irq_handler. IIpogeMoHcTyliTe BUKOHAHHS MOIYJIS.

3. Camocriiina podora

3ananns 1. Po3iOpaTtuce 3 npukiagamMu Ta JIOOMPAILIOBATH MPOEKT TAKUM YUHOM,
o6 mporpama (userspace) BKIOUasia 1mo ogHomMy ciTiomiony LEDR omHowacHo.
CroyaTky TOBWHEH YBIMKHYTHUCH KpaitHii mpaBuii cBiTiiogion LEDRO, notim
LEDRI1, morim LEDR2 Tomo. Komu Bu jgicTaHeTech A0 KpailHbOrO JIiBOTO
ceitnoaioga LEDRY, nanpsamok ciig 3MiHUTH. JIXTapuKy TMOBHHHI XOJUTH 3 JI1Ba
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HaIpaBo 1 TaK HUKIIYHO 3 3aTpuMKkoro. [1[o6 peanizyBaTu 3aTpUMKy, BH MOXETE
BUKOPUCTOBYBaTH cucTeMHy GyHKIi0 Linux, Hanpukiaa nanosleep. JlokymeHTartio
MOXHa 3HaiWth B [HTepHeri. PekoMeHIOBaHO MPOYUTATH JOKYMEHTAIIIO
Linux On_DE Series Boards, sKy MoOXXHa 3aBaHT@XHUTH 3a TMOCHJIAHHSM:
https:/ftp.intel.com/Public/Pub/fpgaup/pub/Teaching_Materials/current/Tutorials/Lin
ux_On_DE_Series_Boards.pdf

3apnannsa 2. Hanumite Moayns siapa Linux, sKui paxye KUIbKICTh HATUCKAaHb Ta
BUBOJIUTh HAa CEMHUCETMEHTHI 1HJAMKATOPU OOYHUCIICHE 3HA4YeHHS. PeKoMeHIO0BaHO
npountatu nokyMeHtaiiro DE1-SoC Computer ARM, ne Bu 3MoxkeTe 3HANTH
1H(DopMaIito Ipo BipTyasabHI aJIpECU PETICTPIB, SK1 BIAMOBIIAIOTH 32 IEPUPEPIIO 1 5K
3 HUMH TPaIIOBaTH.

4. KoHTpOJIbHI 3anIMTAHHS.

1. Sk nanamroByeThed miara DE1-SoC aist nporpamysanss [IJIIC nponiecopom
ARM?

2. SIx 3minuTH MepexeBy aapecy miatu DE1-SoC?

3. 3a momomororo SKoro iHTepdercy BiIOyBAETHCS B3aEMO/IIS MMPOIICCOPHOTO SAApa
ARM 3 nepudepiitnumu npuctposimu, cuate3oBanumu y [IJIIC?

4. 3a sKMMU aipecaMu y MPOCTOP1 MaM'AT1 pO3TalIOBaH1 PETICTP MacOK NEPEPUBAHD
Ta PETiCTP JAHUX 30BHIIIHIX KHOIMOK?.
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8. JlaGopatopHna podora Ne 8. Taiimep Ta mpocTHii CHMBOJIbHUNA PUCTPIil

1. Beryn

Jlis BUKOHaHHA JaHOi pOOOTH CIiJ 3HATH, SIK MpAIIOBaTH 3 amapaTHUM
taiiMmepoMm. DE1-SoC Mae MOXIHMBICTP BUKOPHUCTOBYBAaTHM WLIIMH  psii amapaTHUX
taiiMepiB. B naHiit po6oTi Oy/ie 3aCTOCOBAHO 1HTEPBAIbHUI TaliMep, peali3oBaHUM B
FPGA, sxwuii HasuBaeTbcst FPGA TimerO.

2. llopsaAioK BUKOHAHHS POOOTH.

Perictpu 1HTEpdeiicy mporo TaiimMepy po3TalioBaHi 3a 0a30BOI0 aIPECOI0
0xFF202000. fx noka3zano Ha puc. 92, neil taiimep Mae wICTh 16-po3psAHUX
pericTpiB g HajmamTyBaHHS. J[Ji1 BUKOPHCTAaHHS TailMepa MNOTPIOHO 3amucaTh
BIJIMTOBIJTHE 3HAYEHHSI B PETICTPHU MMOYATKOBUX 3HAYCHB JIUMIbHUKA (1X J1Ba, OJIUH IS
crapmux 16 O6iT 1 oguH I Mojoamux 16 OiT moBHOro 32-01THOTO 3HAYCHHS
mywmibHuka). [1lo0 3amyctutu miumibHUK, HeoOxigHO BctaHoBuTH OiT START y
perictpi kepyBaHHs B 1. Ilicis 3amycky, taiimep nopaxye o O BiJ MOYaTKOBOIO
3HA4YEHHS 3 PETiCTPY MOYAaTKOBOTO 3HAYEHHS JTIUMIbHUKA. JIIYMIBHUK aBTOMATHYHO
nepe3aBaHTAKUTh 1€ 3HAYCHHS Ta MPOJOBXKHUTH paxyBaTu, skuo O0iT CONT B
perictpl kepyBaHHs BcTaHoBlieHO Yy 1. Konu miuunbHuk nocsrue 0, BiH BCTAHOBUTH
oit TO B pericTpi crany y 1.

Lle#t GiT MOXKHA OYMCTUTH TIPOrpaMHoO, 3anucasiiy 10 Heoro 0. Axkmro 6it ITO
B PEricTpi KepyBaHHS BCTAHOBIIEHO 70 1, TOA1 TaliMep TeHepyBaTUME MEepEepUBAHHS
ARM* xoxHOro pasy, koiau BcTaHoBIOeThest 0iT TO. TakToBa wacTora Taiimepa
ctanoBuTh 100 MI'i. BekTop nepepuBanHsi Taiimepa nopiBHIOE 72. CKOpUCTYHUTECS
npukiagoM 3 jnokyMeHty «Using Linux on DE-series Boardsy», mis Bu3HaueHHs
HOMEpPY BEKTOpa MepepuBaHHA y cepenoBuull Linux*, Ta mnepekoHaiTecs, W10
NepepUBaHHs BUKIIUKAE CAME MOJYJIb TaliMepy.
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Address A 2 | 3 2 1 0

0xFF202000 Unused RUN | TO| Status register
0XFF202004 Unused STOP | START |CONT [ITO| Control register
0xFF202008 Not present Counter start value (low)

(interval timer has
0xFF20200C 16-Dit registers) Counter start value (high)
OxFF202010 Counter snapshot (low)
O0XFF202014 Counter snapshot (high)

Puc. 92. Perictpu kepyBanus FPGA Timer(

Peectpariis nepeprBanp BiJl TaiiMepy BiI0OyBa€TbCA HACTYITHUM YHHOM:

// Register the interrupt handler.
value = request irq (INTERVAL TIMER IRQi, (irg handler t) irg _handler, IRQF SHARED,
"timer irq handler™, (void *) (irg_handler));

ne — imeHTu(ikaTop MepepruBaHHA BiJl TaillMepy, a came
72;

v (irq_handler t) irq_handler —Bka3iBuuk (QyHIIi1, sika € 0OPOOHUKOM ITEpEPUBAHHS;

v IRQF SHARED - (uar, mo A03BOJs€ pPO3MOBCIO/KYBATH 3allMTH Ha
NEePEPUBAHHS MK KUIBKOMA MIPUCTPOSIMH;

V' “timer irq handler” — ckopodena Ha3Ba JJIsI IPUCTPOIO, Ky MOKHA MOOAYUTH B
/proc/interrupt CIMCKy;

v' (void *) (irq handler) — inentudikarop mnpuctporo. s IBOro mapamerpy,
3a3BMYali, BCTAHOBIIOIOTH 3HaueHHd NULL, aje sKmo € HEOoOXIIHICTh
BukopuctoByBaTi IRQ shared, To 1 xomipka mMae MICTHUTH BKa3iBHUK (Oy/b-
SKHi1, TOJOBHE, 100 Mpyu BUKIUKY free irq(), mepeaaBaBcs came 1€l BKa31BHUK).

BAKJINBO!!! Cnepmy ckunaiite y 0 komipky TO B 00poOHUKY nnepeprBaHb.

Bupanatu BKa3iBHUK Ha Iporpamy oOpoOKu nepepuBaHHs HEOOX1HO TAKUM YHHOM:
free irq (INTERVAL TIMER IRQi, (void®) irq_handler);

Tenep posriasiHeMo peaiizallito iHTEpPEHCY CUMBOJIBHOTO MPUCTPOIO B Linux
SJIp1 HA TIPUKIA/Il POCTOTO MOYJIS.

JlpaiiBepr CUMBOJIBHUX TMPUCTPOIB — I€ MOMAYMI Sapa, sIKi 3a0e3MeUYyroTh
daiinoBuil iHTepdeiic A mporpaM Ha piBHI KopuctyBaya. Komu gpaiiBep
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CHUMBOJILHOTO TPUCTPOIO BCTABJISETHCSA B SAPO Linux, ocobnuBuii tumn daimty,
MOB'SI3aHOTO 3 IpaliBEpOM CTBOPIOETHCS, 3a3BUYAM, y manili ¢aiaoBoi cuctemu /dev.
Hampuknan, skmmo apaiiBep HazuBaeTbes chardev, To moB’si3anuii 3 HUM (haiiin

oyne /dev/chardev. [Iporpama Ha piBHI KOpUCTyBaya MOKE€ YMTATU a00 3alKCyBaTU
el daiin s 3B’ S13Ky 3 IpaiiBepoM.

Posrmsaaemo IpanBep CHUMBOJIBHOI'O IIPUCTPOIO, AKAN MOXeE
BUKOPHCTOBYBATUCS KOPHUCTYBadueM Il JAPYKY PI3HOTO PSIKYy TEKCTY Yy BIKHI
TEepMiHATY.

[lpuknan komy napadBepy CHUMBOJIBHOTO MPUCTPOIO HaBEJCHO Ha puc. 93a.
MaeThcsa Ha yBa3l HECKJIATHUN MPUKIA, MO0 MPOLTIOCTPYBATH, K MOBUHEH OyTH
CTPYKTYpOBaHUM KOJ JpaiiBepa. SIKIIO KOPUCTyBauy YUTAE 3 I[LOTO JpaiiBepa, BiH
npocto BimmoBigae 3 TekctoMm Hello Bim chardev. OamH 13 cmoco6iB 4uTaHHS 3
npaiiBepa - BUKOHaTH komaHay Linux: cat /dev/chardev. Lleil npaiiBep nigTpumye sik
yuTaHHs, Tak 1 3amuc. KopucTtyBau Moke 3MIHHUTH DPSIOK CHUMBOJIIB, HAIMCABIIH
romy. OHUM 13 c1IOCOOIB 3aMKCy B ApaiBep € BUKOPUCTAHHS KoMaHau Linux:

echo -n «Hose nmoBinomienus' > /dev/chardev.

JpaiiBep CTBOPIOETHCS MIISXOM OTOJIONICHHS Py 3MIHHUX 1 CTPYKTYpP JTaHUX
Ta BUKIUKY KUIbKOX (yHKIM B3aemonii 3 siapoM Linux. Hukde MOSCHIOIOTHCS
BOXKJIMBI pSAAKA Komy 3 puc. 93a Tta puc. 930. Panku 3 1 mo 7 BKIIOYAOTH TEBHI
¢aiinm 3aronoBKiB, K HEOOX1IHI IS IpaiBepiB CUMBOJIBHUX MPHUCTPOiB. Psaxu 3 10
no 13 MICTSTh OroJIONIeHHs! MPOTOTUIIIB i QyHKIINA device open, device release,
device read 1 device write. lle ¢ynkiii, siki OyayTh BUKJIMKATUCS siapoM Linux,
KOJIM TIporpamMa KOpPHCTyBada BUKOHYE orepallii BIIKPUTTS, 3aKPUTTS, YATAHHS a00
3aImmcy, BiamoBiaHO, HaM (aitmom /dev/chardev. Paaku 3 18 mo 20 orononryroTh Aeski
CHemiajgbHl TUIMK 3MIHHUX. YCl1 JpaliBepd CHUMBOJBHUX NPHUCTPOIB IOBUHHI
OTOJIONTYBATH 111 3MIHHI, IO MatOTh TUIH dev _t, cdev i class. BoHu iHimiami3yroThcs B
psankax 3 32 mo 56 y ¢yukmii start chardev, ska Buximkae psg QyHKIiN sapa.

[loka3ano mepmmii KpoK il 1HiIiami3auii HUX 3MIHHUX Yy psaaky 36 —
OTpUMATH HOMEpP MPHUCTPOIO NMUIIXOM BUKIHMKY (yHKII sapa alloc chrdev region.
[ToTim, cTpykTypa Kiacy cTBOpIOoeThcs B psaky 40 Buxiukom class create, a
cTpykTypa cdev iHIIlam3yeTbcsi B pAAKY 43 3a JOMOMOIoOH BUKIHUKY (QYHKIT
cdev_alloc. Pamok 44 ininianizye cTpykTypy cdev 3 BKa3iBHUKOM Ha CTPYKTYpy fops,
AKUU BHU3HAYae 1MeHa (YHKIIM, [0 BIAKPUBAIOTh, 3aKPUBAIOTh, 3YUTYIOTh 1
3aMUCYIOTh Y JpailBep CMMBOJBHOTO npucTporo. Hapemri, psiaku 48 1 52 nonaroTh
npuctpiii cdev 1 BiANMOBIAHMI Kiac 10 sjapa. Psgox 53  iHImianmizye MacuB
chardev_msg 13 TEKCTOBUM TIOBIJJOMJIEHHAM 3a 3aMOBUYyBaHHsAM. @DyHKIIIS
start chardev BUKOHYETBCS, KOJIU € JIpaiiBep CHMBOJLHOTO MPUCTPOIO 1HIIMIATI30BaHO
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B sIpi Linux. Komu meit npaiiBep BUAAJICHO 3 sJipa, BUKIHUKAETHCS (DYHKITIS

stop_chardev, sika mokazaHa y psakax 3 57 mo 63.

Psnkum 3 65 mo 75 wmictare koxm g device open i device release. [lms
OUIBIIOCTI JpaiBEpiB CUMBOJBHUX MPUCTPOIB HIYOTO HE MOTPIOHO POOUTH B IUX

byHKIISIX, 1 TOMY KOJ ipocTo rnosepTtae 0.

1 Einclude <linux/module.h>
2 Finclude <linux/kernel.h>
3 Finclude <linux/f=._h>

4 #include <linux/fcdew.h>
5 #include <linux/device. h>=
4 Finclode <asm/ic.h:

T #include <asm/fuaccess.hs
B
G

Fo Berpel]l character device driver fdev/chardewv. #*/
il statlc int device open (StIuct incde =, stroct file +];
il static int device release (Struct inode =, struct File =);
12 statlc ssize_t device_read (stroct file =, char +, =sizre &, loff_t +
13 statlc ssize t device _write(stroct file =, const char «, size &, lo

i

i E_t
i4
i5 #defime SUCCESS D
6 #derfine DEVICE KAME *"chardew™
17
18 astatic dewv_t dewv_mo = 0Of
19 static struct cdev schardew cdew = NULL;
statlc struckt classa xchardew clas=s = KUOLL;
fdefrfine MAY SIZE 256 S4 assume that no message Ionoger than Bhis will
static char chardew_msg[MAX SIZE}; f# the string that can be read or written

.release = device release;
.read = devios read,
write = device write

static iInt __ init start_chardew (wold)
i

int =ecc = 0;

‘# Ge=bk a device number.

gL}
2
Xl
3
.l
25
o
X7
!
I
0
i
12
i3
14
15 ik
15 Af {{err = allec chrdew regqg
17
iR
EL
40
41
42
43
44
45
4a
47
48
49
50

Set one manor nemberc [0 &/
egion (Sdew_no, 0, 1, DEVICE _HAME}] < 0} |
printk (KERN_ERER "chardew
return =rrc;

chardew class = clas=s_create {(THIE_MODULE, DEVICE_MAME) ;

FF AMlocate and initialize bBhe char devics
chardew cdevw = cdev_alloc {};
chardev_cdev-*ops = Gfops;

chardew cdsvw->ouner = THIE _MODULE;

A4 Add the character device to bhe kernel

if (lerr = cdev_add (chardew odew, dew no, LY} £ 0 |
printk (KERN_ERR "chardew: cdew add() errocr ¥#d\n®, errl;
return =rr;

51 b

52 device_create [chardew class, NUOLL, dew no, NULL, DEVICE_MNAME i;
53 stccpy {chardev_mag, "Bello from charcdewin™);

54

55 return 0;

i

Puc. 93a. [Ipuknaz npaiiBepa cuMBOIbHOr0 npuctporo (HYactuna 1)

: alloc_chrdew_regiocn{) eccorc ¥d\n", err);
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static wold _ exit stop chardew (vold)

i
device destroy {chardev class, dev_noclj
cadey de]l [chardew cdew);
cla=s_destroy (chardew cla=s);
unregister chrdew region [dew_no, L)§

{2 Called when a2 prooess opens chardev =/
static ink device ocpen{Struck inode #*inode, BLruct file =file)
i

return SUCCESS;

= Called when a proce=ss closes chardew =/
static Ink device release {BLrUct inode sinode, BLruct file =file)

i
return G

Ja Called when a process reads frosm chardev. Frovides character daka from

* chardev m=gq. HReturns; and =sets =offset to, the pumber of bytes read. =f

8tAkic =ssize t device read(Stroct file «Eilp, char sbuffer, size b length,
loff t =cff==t)

i

sirze £ hytes;

bytes = strlen (chardew m=g) - [(scffset}; S/ how manmy bytes oot yet sent?

bytes = bytes- > length 7 length : bypkes; /7 too much to send at once?

if (byb==]

iwold) copy_to wser (buffer, Schardew meg|roff=et], bytes};
soffzet = bytes; £ keep btrack of npumber of bytes sent Eo bthe oser
meturn bytes;

/o Called when a process writes: bto chardev. Stores the data received into
« chardey m=sq, and retocns the number of bytes stored. =/
sLatic =s=ize t deviece write{stroct file =filp, DonBeL char *buffer, =ize_t
length, loff t +off=et)
1
size bt bybes;
bytes = length;

ir [(bytes > MAX SIZIE — 1} ¢ can copy all at once, or mob?
bytes = MAX EIZE - 1;
[woid) copy_frem user [chardev _m=g, buffer, byte=]f
chardew m=g[byte=] = FhRDE g Ff NULL terminate
£ Note: we do NOT opdate soffset; we kesp the Iast MAX SIEE or fewer bytes
meturn bytes;

MODULE _LICEMZE {"GEL™);
module init [(start_chardew);
module _exit [stop _charcdew];

Puc. 936. Ilpuxnan apaitBepy cuMBOJIBHOTO TIpucTpoto (YactrHa 2)
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Psanku 3 77 mo 89 na Puc.2 mokasyrorts ¢yskiio device read. Ilepmmii
aprymeHT 1i€i Qyskiii, filp, He BUKOpHUCTOBYEThCS B IbOMY NpuKiami. Jpyrui
aprymMeHT, Oydep, BUKOPUCTOBYEThCS I TMepeaadi CHUMBOJBHUX JaHUX BiJl
JpaiiBepy 0 Mpolecy Ha PiBHI KOpUCTyBaua, sikui untae 3 /dev/chardev. AprymeHT
length BM3Hawae mMakcMManbHy KUTBKICTH OaWTIB, SIKy MOKHa 30epiratu B Oydepi.
Psinku 3 82 mo 83 BHM3HAYalOTh, CKUIBKM JAaHUX MOKHA HAJICIATH Hazaj 0 sjpa.
Axmo length Ginpire bytes, To MoXke Bce TOBIAOMIIEHHS OYTH BiIIpaBICHO BiJpa3y.
B iHmomy BuMaaKy, MOXHA HAIICIAaTH KUIBKICTh CHMBOJIB JOBXHHOIO length.
3HaueHHs bytes oOuucnroeTscsi B psaky 82. Konmum kopuctyBau BiIKpuBae Qaiin
/dev/chardev, a nmotim uutae 3 aity, *offset Oyne 0. Takum yuHOM, 3MiHHA bytes
BCTAHOBJIIOE€ 3HAYEHHS JIOBKMHU pSJKAa CHUMBOJIIB, SIKa IOBEPTAEThCS MiJ Yac
3UUTYBaHHSA JipaiiBepa.

VY cepenopumil Linux sapo He mae 0e3nocepeHbOro JIOCTYNy 10 apec
nam'ati ado 3MIHHUX Yy IMporpami Ha piBHI KOpHcTyBada. Tak camo, KOJl Ha piBHI
KOpHCTyBa4a HE MOXKE€ OTPHMMATH JOCTYI J0 ajapec mam'sti B camomy sapi. Smpo
HaJa€e crenianbHi QyHKIii A7 mepeaadl f1aHuX MiX co00r0 Ta mporpamMamMu Ha piBHI
KopucTyBauda. OfHa 3 Takux (PyHKIIIM, copy to_user, BUKJIUKAETHCS B PSAKY 86
(puc. 930). Bona komitoe CUMBOJIBHI JIaHl 3 siApa 0 MPOrpaMu PiBHIO KOPUCTyBaua
yepe3 Oydep. 3minHii offset mpUCBOIOETHCS 3HAUYEHHS 3MIHHOI bytes B psanky 87.
3minHa offset, sika moB's3ane 3 /dev/chardev 30epiraetbcst B sapi, JOKH (paiin
3aJUIIAEThCS BIIKpUTUM. Y psnky 88 ¢ynkiis device read moBeprae KUTbKICTbH
OaiiTiB, 1o 30epiratoThcst B buffer. TumoBa mporpama Ha piBHI KOpUCTyBaya, sika
YuTaE 3 ApaiBepa NMpucTporo (Hampukiand, cat /dev/chardev) Oyme unrtatu 3 (aiiny,
noku device read He moBepHe 0, sikuii Bka3ye Ha KiHelb (aiimy. Y HamomMy nmpukiaii
e Mpairoe HacTynmHUM YuHoM. [lepmmii pa3, konu device read BUKJIHMKAaeTbCs, BOHA
KOIIIIOE PSIZIOK CUMBOJIIB Ha3aj y buffer 1 moBeprae noBKuHY psiaka. Ajie HACTYITHHMA
BukiMk device read Hivoro He komitoe B buffer 1 moBeprae 0. Lleit MmexaHi3m
CIPOLIYETHCS 32 PAXYHOK BUKOPUCTaHHS 3MiHHOI offset.

Psnku 3 91 mo 104 mokasyroTe ¢yHkIiro device write. [lepmmii aprymeHT
miei  yukumii, filp, He BukopuctoByerbcs. [pyruit  apryment, buffer,
BUKOPHCTOBYETHCS VIS 3aBAaHTAXEHHS CUMBOJIBHUX JaHUX 3 MPOrpaMH KOPUCTyBada
0 napaiiBepy. AprymeHT length Bkasye KimbKICTh JaHUX, SIKI MOTPIOHO TepeaaTH.
Apryment offset He BHUKOpPHCTOBYEThCS B JaHOMY Mpukiazal. JlaHi, mepenani BiAg
KopucTyBada, 30epirarotbcsi B  chardev_msg, mepe3amucyroud TMOIEpeHl
noBiomiieHHs. Psiiok 98 mepeBipsie HasiBHICTh MEPENOBHEHHS, 00 y pasi moTpedu
KUIBKICTh JaHUX MOXKHa Oyno 3meHummtH. Y pagky 100 sagpo  ¢yHkiii
copy_from user BUKIIMKA€ThCS, 0O OTPUMATH JaH1 KOPUCTyBaya Ta CKOIIIOBATH 1X

y chardev_msg.
86



®dyukiis device write moBepTae KijIbKicTh 0alTiB, cKomiioBaHux y chardev_msg.

TumoBa mporpama Ha piBHI KopucTyBaua (Hampukiaa, echo -n "Hose
noBimomsieHHs" > /dev/chardev) mpomoBkyBaTMMe BHUKIHMKATH device write, MOKH

JpaiiBep HE OTpUMa€e HEOOXIJIHY KUIbKICTh OalTiB. Y HalIOMy NPHUKIaai, KOKHHMA

BUKJIMK device write mepe3anucye JaHi, 1o 30epiratotbes B chardev._msg.

Takox MOXHa HamucaTH Mporpamy y IMPOCTOpl KOPHUCTyBaua, sika Oyne
yuTaTH 1 3anucyBaTu JaHHI B ¢ain. Ha puc. 94 npencraBieHo mpuKiIag Takoi

MPOTrpaMH.

finciude <stdio.h»
finclude <signal.he
fincilude <string.h>
#include <ecrno.h>
finclude <fonkl.h»
finclude sunistd.he

fderfine BYTES 23§ A/ max § of bytes to read from /dewv/char

volatlle sig atomic_t stop;
wold cabtchSISINT{int =signum) {
stop 17

., char sargwll}i

int chardews -'r'::_; File descriptar
char chardev_buffer [BYTES]; =
int ret wal, chars_cead;
char new m=g[l2E]; r
ink i msg;

cabch SIG =t 1 b ) ofifs
signal (SIGINT, cabtch3IGINT);

ir I.:l::h:::I:'.' open (* fdev /chardes™,

prinkf {"Error opening fdev/chardevw: %¥syn", sktrerror (ecrcno}];
raturn L;
m=g il
while ([!=top)
chars_read = 0;
while {(ret _wal read [chardew FI, chardew buffer, BYTES}])
chars_read += pek_wal; read th river until EOF
chardev_buffer[chars_read] 50 = =

printf ("%s", chardew_buffer);

sprintf [(new m=g, "Hew message ¥dW\n", i_msg);
i megs+

write {charde C new_msg, strleninew _m=g) );
sleep Y

clome (chacdew_FD};

return 0;

Puc. 94. Ilpuknan nporpamu sika B3aemoie 3 /dev/chardev
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3. CamocriiiHa po0oTa

3aBnanns 1: BuxopucToByrouM HampaifoBaHHS MHHYJIOI Jab0paTopHOi poOOTH,
HEOOXITHO CTBOPUTH MpOTpaMy y MPOCTOpI KOPHCTyBada, sKka BimoOpakae Ha
nucriei pyxome moBimomieHHs Intel Soc FPGA, ska Ha ceMHCEerMeHTHHX
IHIUKATOpaxX BUIJISIIa€ HACTYIMHUM YUHOM. JIiTepu MOBUHHI MPOKPYUYyBATHUCH, SIK B
pEeKJIaMHIi CTpiYIll.

ncEL Sol FPBA

3apaanns 2: Hanucatu apaiiBep sjapa, SKHM sSBiIs€ OO0 TOIWHHHUK PEaIbHOTO
yacy. BimoOpaxkaTh yac Ha CEMHCEIMEHTHUX JHCIUICSX, SKIO €, abo y BiKHI
tepminany. Yac mae Bigoopaxkarucs y dopmari MM:SS:DD, ne MM — xBunuHu, SS
— 1e cexkyHad, a DD — cori yvactku cekyHau. [{is BIICTEXKEHHS 4Yacy CIiJl
BUKOPHCTOBYBATH alapaTHUH MOYyJb TakMepa.

3aBnanns 3: Hammcatu apaiiBep CHMBOJIBHOTO TPHUCTPOIO, KU BimoOpaxkae Ha
CEMHUCETMEHTHOMY 1HAMKATOP1 3aIUCaHl B HbOTO U PH.

4. KoHTpOJIbHI 3anIMTAHHS.
1. SIxe mpu3HaYEHHS PETICTPIB IHTEPBAIBLHOTO TaliMepy?

2. 3a IKMX YMOB 1HTEpBAJIbLHUI TailMep TeHEPYE 3aNUT Ha TIEPEPUBAHHS
nporecopHoro siapa ARM ?

3. e y cepenoBuii Linux 30epiraroThCs ApaiiBepu 10 CUMBOJIBLHOIO JIICTUICHO?

4. Axi QyHKIT BUKOPUCTOBYIOTHCS Y IPOrPAMHOMY 3a0€3MEeUeHH1 JJIs1 B3a€EMOJIIT 3
CHUMBOJIbHUM JUCIUICEM?
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