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Uvod

Ovo je kratko uputstvo za koriséenje Altera Quartus II softveraiAltera ModelSim
simulatora. Verzija uputstva: 1.1.

Kreiranje projekta, analiza i sinteza za FPGA

Pokrenuti Altera Quartus II softver i odabrati File—New Project Wizard. Tada
se otvara uvodni prozor na kome je potrebno kliknuti Next. Nakon toga se otvara prozor
u kome treba specificirati radni direktorijum projekta (slika, ime projekta i ime entitija
koji predstavlja najvisi modul u hijerarhiji projekta. Pozeljno je da putanja direktorijuma
projekta bude bez razmaka kako ne bi nastali potencijalni problemi u radu. Primer
u ovom uputstvu je zadatak sa Casova vezbi (zasnovan na zadatku 5 sa sledeceg linka
tnt.etf.rs/~oe2ode/pdf/vezbe/ode v01 osnovna_logicka kola.pdf).

4 Mew Project Wizard IEI

Directory, Name, Top-Level Entity

What is the working directory for this project?

D:\oedupv\uputstvo_primer __l
What is the name of this project?
automaobil -
What is the name of the topevel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.
automabil )
Use Existing Project Settings. ..

| < Back | [ Mext = ] | Einish | | Cancel | | Help
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Klikom na Next i odabirom opcije Empty project i ponovnim klikom na Next dolazi
se na prozor za dodavanje fajlova u projekat (slika [2). U okviru ovog prozora mogu
se dodati ve¢ napisani .vhd fajlovi sa VHDL kodom. Klikom na Add All u projekat se
dodaju svi fajlovi iz podesenog direktorijuma projekta. Kako trenutno nema napravljenih
fajlova, kliknuti Next.

&4 Mew Project Wizard =5
Add Files

Select the design files you want to incude in the project. Click Add All to add all design files in the project directory to the project.
Mote: you can always add design files to the project later.

File name: E Add
File Name Type Library Design Entry/Synthesis Tool HOL Version Add Al

Remove
Up

Down

Properties

Specify the path names of any non-default libraries.

[ < Back ][ Mext > ][ Finish ][ Cancel ][ Help ]
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Zatim se otvara prozor za podeSavanje FPGA ¢ipa koji ¢e biti programiran nakon $to
se zavrsi dizajn (slika . Odabrati Cyclone V familiju ¢ipova i odabrati ¢ip sa oznakom
5CSEMA5F31C6 kao na slici [3l

%ﬂ Mew Project Wizard @
Family & Device Settings

Select the family and device you want to target for compilation,
You can install additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus II software in which your target device is supported, refer to the Device Support List webpage.

Device family Show in 'Available devices' list
Eamiy: [Cydone V (E/GH/GT/SK/SE/ST) v|  Padage: [any -]
Devices: [Cydone V 5E Mainstream w7 ] Pin count: ’Any = ]
Target device Care Speed grade: [Any - ]
Auto device selected by the Fitter Mame filter:
@ Specific device selected in 'Available devices' list Show advanced devices
QOther: nfa

Available devices:

MName Core Voltage ALMs Total I/0s GPIOs GXB Channel PMA GXB Channel PCS PCIe Hard *
SCSEMA4UZ23CE 1.1V 15880 314 314 o] a o]
SCSEMA4U23I7 1.1V 15380 314 314
SCSEMASF31AT 1.1V _|
_____
SCSEMASF31CT 1.1V a a a
SCSEMASF31CE 1.1V 32070 457 457 a a a
SCSEMASF31I7 1.1V 32070 457 457 a a a
SCSEMASUZ23AT 1.1V 32070 314 314 a a a
SCTEMAEUZSCS 1.1V 32070 314 |314 a a a AT
4 0 3

[ < Back ][ Mext = ][ Einish ][ Cancel ][ Help
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Klikom na Next otvara se prozor sa slike 4] u kom samo treba proveriti da li je za
simulaciju u padaju¢em meniju za Tool Name podeSeno ModelSim-Alteraidalije format
VHDL.

g'._i MNew Project Wizard @
EDA Tool Settings

Spedify the other EDA tools used with the Quartus II software to develop your project.

EDA tools;
Tool Type Tool Name Format(s) Run Tool Automatically
Design Entry/Synthesis E[(None:s V] <Mone > Run this tool automatically to synthesize the current design
5|mulah0n [ModeISim—Altera - ][VHDL - ]|:| Run gate-evel simulation automatically after compilation
Formal Verification <Mone >
Board-Level Timing [(None:s - ]

Symbaol [(None:s - ]

Signal Integrity [<None> - ]

Boundary Scan <Mone »

[ < Back ] [ Mext = ] [ Einish ] [ Cancel ] [ Help
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Klikom na Next otvara se Summary prozor u kom se moze proveriti da li je sve dobro
podeseno i klikom na Finish kreira se projekat u kome se sada mogu kreirati novi VHDL
fajlovi, dodavati veé postojeci, kompajlirati dizajn itd.

Odabirom opcije File—New otvara se prozor sa

4 New = slike [ gde treba odabrati VHDL File i kliknuti na
OK.
MNew tus II Project - v . . o 1. .
4 D::iggu:lress o Na pocetku svakog VHDL fajla je pozeljno napi-
AHDL File 3 1 1 11 7 1 -
Plock DiogyamiSchematic Fle §at1 zaglavlje sa‘kor‘nntarlm‘a koji sadrze naziv pro
EDIF File jekta, kratak opis sistema, ime autora, datum, ver-
Qasys System File .. k d . 1
State Machine File leuv oda 1 sl.
?fg?:f;';g HEL File Cesto se u pisanju koda koriste tipovi podataka

Veriog HDL Fie ili komponente iz nekih biblioteka. Vrlo cesta je
P Mem‘;TE ';,Te": ieee biblioteka i ona se koristi na ovom kursu. Zbog
toga je na pocetku svakog VHDL fajla, odmah posle

m

Hexadedmal (IntelFormat) File
Memory Initizlization File

4 Verification/Debugging Files zaglavlja potrebno ukljuciti ieee biblioteku:
In-System Sources and Probes File . . .
Logic Analyzer Interface File 1 1brary 1eee€;

SignalTap II Logic Analyzer File

University Program VWIF use ieee.std_logic_1164.all;

4 QOther Files

AHDL Indude Fil . .y . .
Slock Symbol Fle Altera Quartus II softver nudi veliki broj
o e e Sablona za razlicite VHDL sintaksne konstrukcije,

ynopsys Design Constraints File . . . . . e .
Text File X cak i za veliki broj aritmetickih, logickih i memo-
ok J[ cancel J[ rep rijskih komponenti. Za pocetak ovo moze biti vrlo
korisno osobama koje uce jezik i ne snalaze se sa sin-
Slika 5 taksom. Odabirom opcije Edit—Insert Template

1

ili klikom na ikonicu sa oznakom otvara se prozor
sa slike [6] u kome se mogu odabrati razli¢iti Sabloni
VHDL koda. Klikom na Insert ceo Sablon se upisuje u aktivni fajl i moze se editovati.



¢ Insert Template
Language templates: Preview:
> AHDL - Hentity <entity name> is -
> Quartus ITTCL F | generic N
> TimeQuest = (
> SystemVerilog <name> : <type> = <default_walue>;
s TOL A
> Verilog HOL <name> : <type> = <default_walue>
4 yHOL b
> Full Designs E |
4 Constructs =
) ) port 3
4 Design Units = {
Library Clause _— Input ports
Use Clause <name> in <type>;
Entity <name> in <type> := <default value>;
Architecture B
Package —-- Inout ports
Package Body <name> inout <type>:
Configuration_Dedaration —
Block Configuration —-- Output ports
Component Configuration <name> out <type>;
» Dedarations <name> out <type> := <default wvalue> -
> Concurrent Statements = | [« [ +
Save Insert ] [ Close J

Slika 6

U ovom uputstvu nece biti detalja o pisanju VHDL koda.
obraduje na predavanjima i dostupan je na slajdovima sa predavanja, a moze se nadci
veliki broj uputstava na internettﬂ, ili u knjigama E|

Detaljan opis jezika se

{4 Quartus I 64-Bit - D:/oedupv/uputstve_primer/ bil - bil | =]
File Edit WVew Project Assignments [ Processing | Tools  Window Help 5 Search altera.com @
DEH G ¥R 9 o |W Stop Processing Ctrl+Shift+C | ‘@ D | - L& 6 ;3 {E ,E_b‘. Q ‘% Alel®
Project Navigator @ Start Compilation Cirl+. %]
Q, %4 Analyze Current Eile "E A0S % @ w2 I;:I E @
5 Files Start * |5 StartHierarchy Elaboration -
EE@ two_input_or.vhd Update Memory Initialization File %y Start Analysis & Elaboration
&4 two_input_and.vhd 4  Compilation Report Ctri+R &7 Start Analysis & Synthesis Ctrl+K
EE@ not1.vhd \Q Dynamic Synthesis Report ¥Z,  StartPartition Merge
b ]
EQ automabil, vhd - .
47 PowerPlay Power Analyzer Tool ﬁ PEEliE
| 4y Hierarchy | I% Files | ' Design Uy HF 55N Analyzer Tool n%ﬂ Start Assembler
&] Start TimeQuest Timing Analyzer Crl+5hift+T
Tasks : . e
Receive Compilation Status Motifications ﬁ‘]. Start EDA Netlist Writer
Flow: [Ccmpilation 1T Clstomize .. T y B
12 : #§  Start Design Assistant
Task o iz end two_input or; ﬁ Start PowerPlay Power Analyzer Cirl+Shift+P
4 P Compile Design 15 [Flarchitecture or K #F  Start S5N Analyzer
> W Analysis & Synthesis 16 Hbegin 8 _ )
> B Fitter (Place & Route) 17 Loutl <= inl or id te StartRapidRecompile
" ig end or behavioral .
> W Assembler (Generate programming files) - k3 Start SignalProbe Compilation Cirl-+5hift+1
> W TimeQuest Timing Analysis ,39 Start /0 Assignment Analysis
> B EDANetict Writer @’ Start Chedk & Save All Netlist Changes
m Program Device (Open Programmer) i
a 1 ] v Lo Start VQM Writer b
x Start Equation Writer (Post-synthesis)
Y P— .
?ll @] E] F <<Filter>> @ Start Equation Writer (Post-fitting)
Start Test Bench Template Writer
Type ID Message
¥5 StartEDA Synthesis
"
o Start EDA Physical Synthesis
gl 4 3
L}
=]\ _system \_Processing J

Analyzes and synthesizes all of the files in the hierarchy of the current topevel entity

0% 00:00:00
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Iwww.seas.upenn.edu/~esel71/vhdl/vhdl primer.html# Toc526061340
Znpr: Dodatak A Hardware Description Languages knjige N. H. E. Weste and D. M. Harris, CMOS
VLSI design: a circuits and systems perspective, 4th ed. Addison-Wesley, 2011
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Nakon Sto se zavrsi sa kucanjem koda, potrebno je kompajlirati ga. To se postize
odabirom opcije Processing—Start Compilation. Za funkcionalnu simulaciju nije po-
trebno uraditi celu kompilaciju veé samo analizu i sintezu Sto se postize odabirom opcije
Processing—Start—Start Analysis and Synthesis ili duplim klikom na Analysis
and Synthesis u prozoru Tasks (slika [7]).

Ukoliko postoje neke sintaksne greske, one ¢e se pojaviti u prozoru sa porukama
(Messages) kao crvena obavestenja (slika . Dupli klik na te linije ¢e pokazati na mesto
gde je greska nastala. Ako je kod uspesno kompajliran, moze se preéi na pisanje test bench
fajla i simulaciju kojom se utvrduje rad modula koji je napravljen.

Tk o - 10131 DIOCK MEMOry DTS 14/A LTI KrTTGn Merge
Total PLLs N/A until Parition Merge
4 P Compie Design Total DlLs N/A until Partition Merge

X » B Analysis & Synthesis 00:01
> B Fitter (Place & Route) 2
» B Assembler (Generate programming files)

> I TimeQuest Timing Analysis L

> B EDA Netist Writer

v Crnoram Navirs fNnan

] v « m ] »

@3 [j’ D <Fiters>

Type ID Message

am x|~

(i 12021 Found 2 design units, including 1 entities, in source file two_input_or.vhd
(i 12021 Found 2 design units, including 1 entities, in source file two_input_and.vhd
(i) 12021 Found 2 design units, including 1 entities, in source file notl.vhd

x 10500 VEDL syntax error at automobil.vhd(18) near text ")";

b
b
b

expecting an identifier, or "constant", or "file", or "signal", or "variable"

€ 10500 VHDL tax error at automobil.vhd(37) near text "component"; expeetin . (" nent" is a reserved keyword), or "entity"
gl € 10396 VEDL syntax error at automobil.vhd(67): name used in construct must match previously specified name "automobil"
gl e = . e e .
Fi
= |\ _System /\ _Processing (13) /

10% 00:01:2
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Test bench testiranje i simulacija

U ovom poglavlju bi¢e opisana dva nacina za simulaciju rada modula koriséenjem test
bench modula. Na korisniku je da odluci koji ée od ta dva nacina koristiti.

Ruc¢no pisani test bench moduli

Test bench fajlovi se mogu pisati ispocetka, na isti nacin kao i fajlovi koji opisuju
rad modula. Obi¢no se onda fajlu koji sluzi za testiranje modula ime_modula dodeli ime
ime_modula_tb.vhd. Nakon Sto se napiSe ceo test bench fajl, uradi se ponovo analiza i
sinteza.

Sada je potrebno pokrenuti alat za funkcionalnu simulaciju i to odabirom opcije

Tools—Run Simulation Tool—RTL Simulation ili klikom na ikonicu sa oznakom el

(slika [9).

€4 Quartus I 64-Bit - D:/oedupv/uputstve_primer/ bil - bil =N =R ==
Fle Edit View Project Assgnments Processing Window Help 5 Search altera.com )
_— : imulati 3 o lati =
QS @ % 2@ 9 | [outomoni|  RunSiniaton Todl % BTL Simuaton p 2 @B A e ?
Project Navigator £ Launch Simulation Library Compiler ,,3 Gate Level Simulation... stomobi_thvhd
Q W, | Lamh Deskn Space Bxier=r 1 is m
]
B Fies ;B TimeQuest Timing Analyzer Flow Status Successful - Thu Oct 08 18:54:17 2 2
Quartus II 64-Bit Version 15.0.2Build 153 07/15/2015 5 We
EE@ two_input_or.vhd Advisors 3 Revision Name automobil
EE@ two_input_and.vhd 1 Top-evel Entity Name automaobil
s not1.vhd %2  Chip Planner Family Cydone V
EE@ automobil, vhd % Design Partition Planner Device SCSEMASF31C6
Timing Models Final
b automobil_tb.vhd Netlist Vi » E
3 automabil_to.v etiist Viewers Logic utiization (in ALMS) N/A 3
/4% Hierarchy = ' Design Units SignalTap II Logic Analyzer T‘“B: registers o
Total pins 5
Frasks = In-System Memory Content Editor Total virtual pins 0
E| Logic Anal Interface Edito i
Flow: [COITID"EﬁOH v] @ J Ll s e il e B g Total block memory bits 0
Iﬂ In-System Sources and Probes Editor Total DP Blocks 0
Task ) ! Total HSSI RX PCSs 0 T
Si IProbe Pins...
v b Compie Desi SRR Total HSSI PMA RX Deserialzers 0
omple Sesian W erogrammer Total HSSI TX PCSs 0
> | #* Analysis & Synthesis @ ITAG Chain Debugger Total HSSI PMA TX Serializers 0 s
< [ | - k([ +
:ﬁ Fault Injection Debugger
® ) =
a @] E] P <<Filters> System Debugging Tools 3 j 2 Find Next
q
Type D Message ﬁ PRy i
\i) 125061 Changed top-level desd Mios IT Software Build Tools for Edipse
(i) 125061 Changed top-level desil & Osys N
J) 22036 Successfully launched ) h -t "d:/faltera/15.0/quartus/common/tcl/internal,/ng
\i) 22036 For messages from Nati ﬂ TelSripts... ink log file D:/ce‘}'.:lpv/.Jp'at,st,vc_prirr.er/a‘.:lt,crr.cbil_na E
\i) 22036 Successfully launched e h -t "d:/altera/15.0/quartus/common/tcl/internal/n;
@ (i) 22036 For messages from Nati h ink log file D:/oedupv/uputstvo_primer/automobil ni_
o Options... - —
gl < ) 1 | r
U License Setup...
=/\_System (8) /\ Processing (17) J ]
Runs the specified RTL simulation tool & Install Devices. . 100% 00:00:31
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Time se otvara ModelSim simulator prikazan na slici [I0} Sa leve strane glavnog pro-
zora simulatora nalazi se prozor Library (ako nije ukljucen, uklju¢uje se izborom opcije
View—Library) gde je prikazana biblioteka work u okviru koje se nalaze svi moduli iz
projekta, medutim modul koji odgovara test bench entitiju nije u biblioteci, pa je potrebno
kompajlirati ga naknadno i to izborom opcije Compile—Compile pri emu se otvara prozor
u kome je potrebno naci test bench fajl i kliknuti na Compile, a po zavrSetku kompilacije
na Done. Po zavrsetku kompilacije se u biblioteci work pojavljuje modul test bench fajla.



™ ModelSim ALTERA STARTER EDITION 103d =8 =8 =
ile Edit View Compile Simulate Add Librery Teols Layout Bo

arks Window Help

ERT LY Y H & @‘ YT T Y H Layout [53matace - H ColumnLayout [A11CoLumms - ‘
JFJJJJ gA IR 4Hs««»c,’¢. Search: J‘gmafe‘ 7 JFJJ W |
i H A X |$a objects —— A% JWEVE Default aAx
[Type | =] | #[name el v .
=l werk Librar|
+]E] automobil Entity
o] not1 Entity
+E] two_input_and Entity
cHE] two_input_or Entity
b, rt_work Librar|
=l 220model Libran|
=l 220model _ver Libran|
-4l altera Libran|
-4l altera_nsim Libran|
x4l altera_insim_ver Libran|
-4l altera_mf Libran|
-l altera_mf ver Librar|
jj e ppeied 1;pmﬁs“sumw)_. 2 Hdlx
o arisi Lirar| hame _______rype gt
Gl arisi_hssi Library|
bl arrisi_hssi_ver Library|
=l arisii_pcie_hip Libran|
=l arriaii_pcie_hip _ver Libran|
=l arrisi_ver Libran|
=l arisicz Libran|
x4l arrisioz_hssi Libran|
=l arrizioe_hssi_ver Librar
-+l arrisigz_pcie_hip Librar| « | I
oo |
| Lirary - [ Progect J_[ 3l o | <| |>|.
A Transaript : EEE]
# Errors: 0, Warnings: 0 -
+
[ModeiSim > E‘
<No Design Loaded> <No Context: 4
— ————— - ———————
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Simulacija se pokreé¢e desnim klikom na modul iz test bench fajla u prozoru biblioteke
i klikom na Simulate (slika [11]).

M ModelSim ALTERA STARTER EDITION 10.3d
File Edit View Compile Simulate Add Library Tools Layout Bookmarks Window Help

B-2WH2 B0 i@a“%:&g;

i

Ao
Hdl x| ‘IDhjEds:
[Type

= work Librar|
+HF automobil Entity
tomobil_th
|EET E —

#HE] ot

+HF] two_input_and Simulate with Coverage

+HF] two_input_or Edit
el rt_work Refresh
-l 220model Recompile
il 220model_ver Update
altera
altera_Insim Create Wave
altera_Insim_ver
altera_mf Bee= Delete
altera_mf_ver Copy Cirl+C

| Type (fil

altera_ver
arriaii
arrigii_hssi Properties...
st arrizii hesi wer TIRFSFT

New L4

e
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Simulacija se moZe pokrenuti i izborom opcije Simulate—Start Simulation (slika
, a zatim odabirom odgovarajué¢eg modula (slika .

™M ModelSim ALTERA STARTER EDITION 10.3d
File Edit View Compile Add  Transcript Tools  Layc

CEhnae S Start Simulation. ..
Runtime Options...
i Run »
[+ o [w]i — '
Restart...
M Library
Break
"1Name End Simulation
= waork -
+HE] automobil Entity
+H F1 automebil_tb Entity

Slika 12



M Start Simulation

Diesign I VHDL ] Verilog ] Libraries ] SDF ] Others ]

'1Name |Tﬂ:le |Paﬂ1 | | ﬂ
:)—m work Library ri_work
+ E automaobil Entity D:foedupvjuputstvo_primer/automodbil. ..
+ E automaobil_th Entity D:foe4upv juputstvo _primer/automodbil. ..
+ E noti Entity D: foedupvjuputstvo_primernoti.vhd
+ E two_input_and Entity D: foedupv juputstvo_primerftwo_inpu...
+ E two_input_or Entity D: foedupv juputstvo_primerftwo_inpu...
ﬂ—m ril_work Library D:foe4upvjuputstvo_primer/simulation. ..
ﬂ—m 220model Library SMODEL_TECH/.. faltera/vhdl/220model
ﬂ—m 220model_ver Library SMODEL_TECH/.. faltera/verilog/220m...
[+H, altera Library SMODEL_TECH/.. faltera/vhdl/altera d
Kl 2
~Design Unit{s) Resolution
|work. automobil th ’V|defau1t ﬂ

Cancel
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Sada se dolazi u okruzenje u kome se mogu posmatrati signali a koje ¢e biti detaljnije
opisano nakon objasnjenja automatskog generisanja test bench modula.

Automatski generisani test bench moduli

Nakon zavrsene analize i sinteze modula koji se dizajnira, moze se pokrenuti auto-
matsko generisanje test bench modula izborom opcije Processing—Start—Start Test
Bench Template Writer (slika [14).

4 Quartus 164-Bit - D:/oedupviup

P

fola ==

Generates a template to create a test be

nch for simulation

File Edit View Project Assignments [ Processing | Tools Window Hep ) Search altera.com @
DS H@ % 2@E|9 oW Soeprocsig CHShRC b D e DD @ P A e D
Project Navigator ¥ Start Compilation Ctrl+L stion Report - automobil [ @ automobil_tb.vhd [
9 ‘@ Analyze Current File qa
b SRR,
Oct 08 18:54:17 2 »
' Start * | ®x  Start Hierarchy Elaboration —
= Files — E b 07/15/20155] We
E‘@ two_input_or.vhd Update Memary Initialization Fie ®p  Start Analysis & Elaboration
4 two_input_and.vhd & Compilation Report Ctrl4R &7 Start Analysis & Synthesis Cirl4+K
E,@ notl.vhd \9 Dynamic Synthesis Report #%, Start Partition Merge
E,@ automobil. vhd .
C . § PowerPlay Power Analyzer Tool ﬁ Sk
automobil_tb.vhd =
e — Start Assembler J
AF 55N Analyzer Tool .ﬂn =
2y Hierarchy @ Files & Design U 6 Start TimeQuest Timing Analyzer Ctrl+Shift+T
Receive Compilation Status Motifications . " .
— . My Start EDA Netlist Writer
— #§  Start Design Assistant
Flow: [Compclahon '] [Cusmmize..‘ ]
‘y Start PowerPlay Power Analyzer Ctrl+5hift+
Task v} I: ) StartSSN Analyzer
4 @ Compie Design J (9 .
art Rapid Recompile
L' 4 [ B Analysis & Synthesis 00:00 - * & 5 -
4 L1 | ' 4 U} | 7 Start SignalProbe Compilation clssiftsr b C
x| B0 Start /0 Assignment Analysis
A e i =
& . : . . P <<Filters» 84 Fin
1 § Start Check & Save All Netlist Changes
Type i Message Start YOQM Writer il
() 22036 Successfully launched Nativelink simulation (quartus | B internal/m:
\D 22036 For messages from NativelLink execution see the Natiwve R A [ e ) jautomobil n:
\D 22036 Successfully launched Nativelink simulation (quartus | Start Equation Writer (Post-fitting) internal/n{ |
\i) 22036 For messages from Nativelink execution see the Native Start Test Bench Template Writer jautomobil niz
() 22036 Successfully launched NativelLink simulation (quartus_| By Start EDA Synthesis internal/m:
Fil \Q 22036 For messages from NativelLink execution see the Natiwve I e putomobil mi
r ysical Synthesis - =
% 4| Tl 1 »
=)\ _system (10) /\ Processing (17) J

100% 00:00:31
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Nakon toga se u porukama ispise gde je generisan Sablon za test bench fajl (slika .

Messages x

@ E] T <<Fiters>

Type ID Mess=sage

-

\i/) Command: quartus_esda --read settings_files=on 77(.-__t,ﬂ_set,t,'_:c_rs_f'_'_es=c:ff automobil -c automobil --gen testl

> \|/) Quartus IT 64-Bit EDA Netlist Writer was successful. 0 errors, 0 warnings

4 | 1 F

\_System (10) J\ Processing (6) /

Slika 15

Fajl ima ekstenziju .vht sto ne treba da zbuni jer se potpuno isto ponasa kao i .vhd
fajlovi za testiranje. U njemu je ve¢ instancirana komponenta koja se testira (DUT) i
definisani pobudni i izlazni signali. Definisana su i dva procesa koji se koriste za pisanje
stimulusa. Na korisniku je da samo definise kada koji signali menjaju vrednost. Na
primer jedan proces se moze koristiti za generisanje signala takta, dok se u drugom mogu
dodeljivati vrednosti ostalim signalima.

Editovanje se moze raditi u bilo kom tekstualnom editoru, ali zbog specifi¢ne eksten-
zije, najbolje je editovati fajl u okviru ModelSim simulatora, tj. odmah po generisanju
.vht fajla, pokrenuti ModelSim simulator na isti na¢in kao $to je to ranije objasnjeno i
otvoriti fajl izborom opcije File—0pen.

Nakon editovanja fajla, isto kao i u prethodnom slucaju, potrebno je kompajlirati
ga, izborom opcije Compile—Compile. U biblioteci work se sada pojavljuje modul
ime_modula_koji_se_testira_vhd_tst i njegova simulacija se pokrece na isti nac¢in kako
je 1 ranije opisano.

Simulacija u ModelSim okruzenju

Nakon pokretanja simulacije, dobija se okruzenje kao na slici (kliknuti na karticu
Wave da se prikaZe prozor za prikaz signala (slika [L7))).

™ ModelSim ALTERA STARTER EDITION 103d = ECR(e==]

File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help

B-sE-&] % @00 ~/\VM§EHE"®M®E 100 ps-4| [l B B X 4 ﬁﬁi’"‘]*““J?‘qJ h A A
Layout |Simulate | ‘ J Columnlayout [211Cal - |
-5 -
0w [ s || I ) ) ) B || & e ] e o 3] s P TIRELY:
L Wi
&} sm - Default —— smn—— H dl X|| |§ Objects —n—— H & x|| | gm| Wave - Default HidA x|
#|Instance 2 [Design unit Now [H]* [ ]
Il automobil_vhd_tst  automobi_ an =
{. i1 automobil(, obrruto
@ stimulus_proce... automobi_ pn
M standard standard un
I textio texto w
B stdlogc_1164  std_logic_1
T I— |
4 Processes (Active) i H df X|
[#|1uame T -
9
9
9 0.00ns
= m
Y e | LK e |
brary - | %) Project | 45 sim rﬁj i | 5| | wave _aummuhul wht RE|
= Transcript HAx
¥ Loading work.two_input_and (and_behaviozal) |
# Loading work.two_input_or [or_behavioral)
vstm 4> =
Now: 0 ps_Delta: 0 ne_17 0psto 1ns v
Slika 16



79 LZND automobil_arch;
20

4

| automabilvht

Slika 17

U prozoru Objects nalaze se svi signali koji se testiraju (slika . Prevlacenjem
signala u prozor Wave odabira se koji se signali posmatraju.

an
obrnuto

pn
un
uu

Slika 18
Trajanje simulacije se upisuje u prozor prikazan na slici [I9] a simulacija se pokrece

klikom na dugme Run sa desne strane prozora za zadavanje vremena. Restovanje simulacije
se vr§i klikom na dugme Restart sa leve strane prozora za zadavanje vremena.

s nsdf ELENELE
Slika 19

Nakon pokretanja simulacije dobija se prozor kao na slici

™ ModelSim ALTERA STARTER EDITION103d = =<

File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help

B-EE- &  RBOC |0 MEN|| Gtes seodalumAe  Wne|| el

|ezsgaA|tatigas

—e B I Columnlayout [perfault ~| ‘
o5 8-
FI’I’VJ&“HITE@MM Hb]éfé?kf* L ‘7J3"'“’5'1;“" Search: jgma”@.&ﬂ.@.ﬁ%
W&
& sim - Defauit — == H oY || |1 Objects — == 1 x| | yu[ Wave -Defati Ho X
a & s
tistene  A[pesionunt | vlame
I zutomebi_vhd_tst  automobil_ a Jautomabil_vhd_tstfun
{. it automobil. obrruto Jautomobi_vhd_tstfu
@ stmuius proce... automobi_ pn R T et
[ standard standard un T, =
I texto textio u s e
1 std_logic_1164 std_logic_1 eutomobi_yhd_tstfen

T —
% Processes (Active) x:: H d X
e [Type

J

KT— | | T i [T m| |
rary Giom [l | | ] ave - [T mutomabiht <
§ Transcript Ha X
[2da wave -position end sim:/automobil_vhd_tsct/an =l
Vs &> run
jvsiv 10> =
Now: 5ns Delta: 0 \Jautomobil_vhd_tst/uu 4132 ps to 5046 ps

Slika 20

Prikaz vremenskog opsega signala se menja klikom na neko od dugmica sa slike [21}

R @R

Slika 21
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U ovom primeru, to nije slucaj, ali ako se posmatraju vektori signala, onda je zgodno
odabrati format u kome se vektori prikazuju: decimalni, heksadecimalni, binarni... To je
moguce uraditi odabirom opcija kao na slici 22]

B Wave - Defalt —0 H A x|
____.

G R
fautomabil _y vhd tethu

Object Dedarahnn

= Add
= Edit
View

UPF
Radix
Format 4

Global Signal Radix..

Symbolic

Cast to 3 ) |
N T T T T
Combine Signals... Octal 2 3 I
Group... Decimal . 471 ns
I Ungroup Unsigned ] .
| Wave || automobi e Hexadedmal e
- ASCIT
oForce
e —— Time H A x|
Clock...
v Lze Global Setting d
Properties...
& Show Base
Numeric Enums A
Symbolic Enums 0 ps to 5250 ps y
1 float32 100% 00:00:10
Slika 22

Testiranje na DE1-Soc razvojnoj ploci

Nakon uspesnog kreiranja i testiranja celog dizajna potrebno je povezati pinove koji
se nalaze u interfejsu projektovanog finalnog sistema sa pinovima na FPGA cipu. Ovo se
najlakse moze uraditi pomocu TCL skripte.

Na stranici tnt.etf.rs/~oedupv/lab/pin assign del soc.tcl je data kompletna TCL
skripta sa svim izdefinisanim pinovima na DFE1-Soc razvojnoj plo¢i. TCL skripta se moze
otvoriti pomocu bilo kod tekstualnog editora. Potrebno je proveriti da li se imena signala
u skripti slazu sa imenima signala u projektovanom finalnom sistemu, a ako to nije slucaj
potrebno ih je uskladiti. Kada su nazivi signala u skripti i interfejsu sistema uskladeni
moze se pristupiti povezivanju pinova. Skripta se pokrece tako $to se u glavnom Quartus
IT prozoru pokrene komanda Tools—Tcl Scripts... i odabere odgovarajudi .tcl fajl, a
sama skripta se pokre¢e komandom Run.

Nakon izvrsenja TCL skripte, potrebno je kompajlirati sistem u potpunosti, a ne samo
izvrsiti korak analize i sinteze. Kompajliranje se pokre¢e komandom Processing—Start
Compilation i posle nekog vremena i uz malo srece sve se zavrSava bez greSaka. Osnovni
proizvod kompajliranja je .sof fajl koji sluzi za programiranje FPGA ¢ipa i nalazi se u
direktorijumu output_files.

Na kraju je potrebno pokrenuti alat za programiranje FPGA ¢ipa klikom na precicu
Program Device (Open Programmer) u odeljku za kompajliranje prikazanom na slici 23]
Ovim se otvara prozor programatora.
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http://tnt.etf.rs/~oe4upv/lab/pin_assign_de1_soc.tcl

|Tasks g x|
Flow: ’Ccmpilah'on V] [Cushamize... ]
Task (0]
o 4 P Compile Design 00:05:17
"4 b B Analysis & Synthesis 00:00:586
o I> B Fitter (Place & Route) 00:02:44
L4 [» ™ Assembler (Generate programming files) 00:00:56
"4 [» B TimeQuest Timing Analysis 00:00:21
v 4 [ B EDA Metlist Writer 00:00:20
|% Program Device (Open Programmer}|
4 m | b

Slika 23

Potrebno je podesiti port na koji je povezan uredaj koji se programira klikom na
dugme Hardware Setup. Otvara se prozor kao sa slike u kome za hardver treba
odabrati DE1-SoC [USB-1].

& Programmer - D:/oedupv/lab/labl vezba/labl - labl - [Chaind.cdf] (= =] =]

File ~Edit View Processing Tools  Window Help &

Search altera.com @

%, Hardware Setup...| No Hardware Mode: [JTAG v ] Progress: ]

Enable real-time ISP to allow background programming when available

Fie % Hardware Setup

i Start
| Hardware Settings | JTAG Settings |
b stop
Select a programming hardware setup to use when programming devices. This programming
ﬂ Auto Detect hardware setup applies only to the current programmer window.
% Delete Currently selected hardware:  |No Hardware V]

Mo Hardware

@' add Fie... Available hardware items DE-SoC [USB-1]
Hardware Server Port Add Hardware...
Pl — DE-SoC Local UsB-1

& Change File...
| save File
1 up

ﬂ,‘h Down

Remove Hardware

| b || ] I b
= 4 Find..

Slika 24

Nakon odabira uredaja koji se programira, potrebno je kliknuti na dugme Auto Detect
kojim se otvara prozor sa slike [25| u kome treba odabrati 5CSEMAS.

A Select Device
Found devices with shared JTAG ID for device 2. Please select your device,
{7) SCSEBAS
@ SCSEMAS
() 5CSTFDSDS

) SCSXFCSC6
() SCSXFCSDE

Slika 25
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Sledeca stvar koju treba podesiti je u¢itavanje odgovarajuceg .sof fajla. Desnim klikom
na automatski detektovani fajl koji odgovara uredaju 5CSEMAS5 i odabirom opcije Change
File (slika otvara se prozor u kome treba odabrati .sof fajl kreiran kompilacijom
dizajna koji se Zeli testirati na plo¢i (slika [27)).

% Programmer - Di/oedupv/lab/lab_vezba/labl - labl - [Chaind.cdf] 2 Delet = = Ech <
File Edit View Processing Tools Window Help <) T s Search altera.com @
o addFile...
r -
Dimhessan) wociET o e ]
Enable real-time ISP to allow background programming when availsble | 4] Save File
Tp— File Device Add P File... Verify  Blank- Examine Security  Eras
» = Change IF5 File... Check B
i stop “nene> 200is Delete [PS File
<none ECsEAS J N I N B |
3 Auto Detect Add EKP File...
Change EKP File...
Delete EKP File
[ Add File...
Add PR Programming File. ..
& e Gleas 1 Change PR Programming File... »
sl Save File Delete PR Programming File
Attach Flash Device...
CwEaEEE i
i: ==y Change Flash Device...
01 5 Delete Flash Device
I pown — —
E % add Device...
!
| Change Device
SOCVYHPS SCSEl
PR i up
1% Down
&, Hardware Setup
ISP CLAMP State Editor
Define CFI Flash Device
2 Properties
Replaces a selected programming file
Slika 26
% Select New Programming File -H
Look in: [ | . D:VoedupwYabYab1_vezba\output_files VI 0 (=) ] O il E]
,‘& My Computer | | L] lab1.sof
2, Viade
File pame: lab1.50f Open
Files of type: |Programming Files (*.sof *.pof *=.jam *jbc *.ekp *.jic) - ] ’ Cancel ]

Slika 27

Vazno je da opcija Program/Configure bude izabrana za .sof fajl koji sluzi za progra-
miranje FPGA (slika. Programiranje se zapocinje klikom na taster Start. U gornjem
desnom uglu se prikazuje progres procesa programiranja i kada dode do 100% FPGA ¢ip
je u potpunosti isprogramiran.
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| Programmer - Di/oedupv/lab/labl_vezbarlabl - abl - [Chaind.cdf]™ [E=R[EER =)

Fie FEdit View Processing Tools Window Help & Search altera.com @

[
Enable real-time ISP to allow background programming when available
0 File Device Checksum Usercode Program/ Verify Blank- Examine Security Eras
Configure Check Eit
ol sto, <nonex SOCVHPS 00000000 <none >
o output_filesflab1.sof SCSEMASF31 00BO36CE 00BO36CE
i Auto Detect
I Delete
(M Add File...
E Change File...
4 [T r
il save File P
[ Add Device...
i
TOI 1
1M Down 3
|
SOCVHPS SCSEMASF31
DO =

Slika 28

Dodatna uputstva

Ovim su pokrivene neke osnovne funkcionalnosti Altera Quartus IIiAltera ModelSim
alata. Ostatak ¢e biti objasnjen na laboratorijskim vezbama, a moguce i u narednim ver-
zijama uputstva.

Ukoliko postoji neki problem, ili su potrebna dodatna uputstva, javiti se na oedupv@Qel.etf.rs.
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