Cvicenie 3
Funk¢na a ¢asova simulacia kombinacnej logiky v ModelSime.

Otvorit’ Quartus II

Horné menu: File: New Project Wizard

New Project Wizard: Introduction

The Mew Project Wizard helps you create a new pioject and prefiminary project settings, including the

following:

L ] Project name and directory

* Mame of the top-level design entity
* Project files and libraries

* T arget device family and device
* EDA tool settings

*f'ou can change the settings for an existing project and specify additional project-wide setiings with
the Settings command [&ssighments menu). Y'ou can use the various pages of the Settings dialog box
to add functionality to the project.

I™ Don't shaw me this intraduction agairt

| Mext » | Storno

Next...

Zadajte cestu k projektu, ndzov projektu a meno ,,top level design entity (odpori¢am
pouzivat’ rovnaké nazvy)



New Project Wizard: Directory, Name, Top-Lewel Entity [page 1 of 5]

‘wihat iz the working directory for this project?
|D:'\--= PHD == WWUIKA =-APLO_2008%e+3_basic_logic

‘what is the name of thiz project?

|cv3_basic_logic J

What iz the name of the top-level design entity for this praject? This name iz case sensitive and must
exactly match the entity name in the design file.

|cv3_basic_logic J

Use Existing Project Seftings ...

< Back | Mot = | Finish Starno

Next...
Next...

Vyberte suciastku EPM3064ATC44-10

New Project Wizard: Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation,

Shiow in Available device' list

FEamily: H&x30008 j Package: Ay A
Target device = A
: -
" Auto device selected by the Fitter EEEE -
* Specific device selected in ‘Available devices' list Speedgrade: |4y =z

¥ Show advanced devices

-
Awailable devices:
Name Core v... | Macro. ~
EPM30324T144.10 32
EPM30648LC44-4 64
EPM30644LC44-7 64 —
EPM30644LC44-10 64
EPM3I0E4AT C44-4 B4
EPMI0E4AT C44.7
EPM3064ATCT00-4 33 64
EPM3064ATCT00-7 33 64
FPMANF4ATCANM-10 A Fd bt
3

¢ Back | Mext > Finish Storo

Next...

Vyber EDA (Electronic Design Automation) nastrojov. Pre simuldciu budeme pouzivat
ModelSim-Altera (domaca instalacia) alebo ModelSim (Skolska inStalécia) :



New Project Wizard: EDA Tool Settings [page 4 of 5]

Specify the ather EDA tools - in addition to the Quartus [ software - used with the praject.

Dezign Entry/Synthesis

Tool name: | <Mones

Lel Lo

-

Simulation

Tool name: {85

Format: |VHDL ﬂ

[™ Run gateevel simulation automatically after compilation

Timing Analysiz
Tool narne: |<None> ﬂ
| =

-

< Back | Mext > Firizh ‘ Storno |

(Pozor!!! Toto dialogove okno je z verzie Quartusu 7.2, v Skolskej instalacii je Quartus verzie
6.1 a vyzera inak, avsak, filozofia vyberu ModelSimu sa nemeni. )
Next..

New Project Wizard: Summary [page 5 of 5] El

“when pou click Finish, the project will be created with the following settings:

Project directary:
D:d--= PHD == VUK =-/PLO_2008/cv3_basic_logic/

Project name: cv3_basic_logic
T op-lewel design entity: cvd basic_logic
Number of files added: 1}

Number of user libraries added: 0

Device assignments

Family name: b 30004,

Device EPM30E4AT C44-10
EDA tools:

Design entiy/spnthesis <MNones

Simulation: ModelSim-altera YHDL)

Timing analysis: <Mones

Operating conditions:
Core voltage: 3

Junction temperature range:  0-85 °C

< Back T Bnish Starno

Finish.

Teraz vytvorime popis jednoduchej logiky (Hradlo AND) v jazyku VHDL.
Horné menu: File: New: VHDL File



New X
Device Design Files l Other Files ]
AHDL File
Block DiagramsS chematic File
EDIF File
S0PC Builder Syztem
State Machine File
\-"eriloi HOL File
IT' Cancel

Na zaciatku kédu je nutné uviest’ kniznice, v ktorych su definované napr. typy signalov, ktoré
nie su Standardne zahrnuté vo VHDL.:

library ieee;
use i1eee.std logic 1164.all;

Budeme pouzivat’ kniznicu IEEE (Institute of Electrical and Electronics Engineers). Z nej
pouzijeme definiciu Standardnej logiky ,,ieee.std logic 1164 (viac na prednaske). Tuto
kniznicu budeme pouzivat’ vzdy.

Popis Entity. Entitu si m6Zeme predstavit’ ako elektronickt logickl stuciastku, ktord mé svoje
meno, vstupy a vystupy. Tento popis musi obsahovat’ kazdy VHDL kod, ktorym popisujeme
hardvér, ktory chceme syntetizovat' v CPLD alebo FPGA.

entity cv3 basic_logic is

port(
my_input : in std_logic_vector (1 downto 0);
my_ output - out std logic

)-

end,cv3_basic_logic;

entity, is, port, in, out, downto, end su klucové slova a v editore su zvyraznené modrou
farbou. ,,cv3 basic_logic je nazov entity. ,,my_input® je vstup, v tomto pripade dvojbitovy
vektor. ,,my_output® je vystup, v tomto pripade jeden bit.

Dalej pokra¢ujeme popisom architektary. Vo vnitri architektury bude popis logiky, ktora
bude syntetizovana. Aj ked VHDL umoznuje pouzitie viacerych architektir, v ramci jedného

VHDL stboru, vZzdy budeme pouzivat’ len jednu.

architecture arch of cv3 basic _logic is
begin

end arch;



architecture, of, is, begin, end su kl'i¢ové slova. ,,arch* je nazov architektary. Riadok ,,end
arch® je poslednym riadkom v subore a zvy$ny kod budeme pisat’ medzi ,,begin“ a ,,end
arch®.

Pokracujeme popisom samotnej logiky. Ked'Ze chceme realizovat’ hradlo AND priradime
vystupu AND kombindaciu vstupného vektora:

my_output <= my_input(l) and my_input(0);

symbol <= sa pouZiva na priradenie jedného signalu k druhému signalu. Okrem AND
mdzeme pouzit’ OR pre logicky sucet, alebo NOT pre logicka negaciu.

Subor ulozime ako cv3_basic_logic.vhdl.

library ieee;
use l1eee.std logic _1164_all;

entity cv3 basic_logic i1s
port(
my_input : in std _logic_vector (1 downto 0);
my output : out std logic
)-

end,cv3_basic_logic;

architecture arch of cv3 _basic_logic is
begin

my_output <= my_input(l) and my_input(0);
end arch;

Skompilovat a priradit’ piny podl'a postupu z predoslého cvicenia.
Subor je mozné odsimulovat’ v Quartuse podl'a postupu uvedenom v predoslom cviceni.

Simulécia v ModelSime.

Filozofia: ModelSim je externy EDA program, ktory bud’ treba Quartusom zavolat’ (spolu

s konfiguraciou simulacie, ktorti Quartus za nas urobi), alebo spustit’ samostatne (tu bude
treba konfiguraciu popisat’ skriptom). Na tomto cvic¢eni bude uvedeny postup, ako spustit’
simuléciu v ModelSime prostrednictvom Quartusu. Pre simulaciu bude treba simulovane;j
logike vnutit’ vstupy, ktoré nezadame graficky, ale VHDL kodom. Takyto vstup je pomerne
jednoduché vytvorit’ a editovat’, zvlast’ pre simulacie rozsiahlych dizajnov.

Vytvorime simulaény VHDL skript (tzv. test bench)
Horné menu: File: New: VHDL File:

library ieee;
use ieee.std logic 1164.all;

entity stim_cv3 basic_logic is
end stim_cv3 basic_logic;



architecture stim of stim _cv3 basic _logic is

component cv3_basic_logic is

port(

my_ input : in std _logic_vector (1 downto 0);
my_output : out std_logic

)s
end component;
signal i1nput_data : std_logic_vector (1 downto 0);
signal output _data : std _logic;
begin
the_cv3 basic_logic: cv3 basic _logic
port map (

my_input => input_data,
my_output => output_data
);

stimulus: process

begin
input_data <= "00";
wait for 100ns;
input_data <= "01";
wait for 100ns;
input_data <= "10";
wait for 100ns;
input_data <= "11";
wait for 100ns;
input_data <= "00";
wait;

end process stimulus;

end stim;
Stubor ulozime ako stim_cv3_ basic_logic.vhdl

Nakonfigurujeme Quartus II pre priame sptstanie simuldcie v ModelSime:

Zadame cestu k modelsim.exe:

Horné menu: Tool: Options: General: EDA Tool Options

Dvojklikom na ModelSim-Altera (pre domacu instalaciu) alebo na ModelSim (pre Skolska
inStalaciu) a naslednym kliknutim na ,,...* zadame cestu k modelsim.exe



Category:

= General ~
i EDa Tool Options

- Intemet Connectivity

- License Setup

- Processing

- Global User Libraries [4ll Proje:
Azsignment E ditor

- Calors

; Fonts
1+ Block /Symbal E ditor
- Calors

; Fonts
1 Chip Planner
- Calors

Forts
- LogicLack Regions Window
1 Memory Editor
Fonts
£ Messages
Suppression
: Colors =

Forts
1 Metlist Viewers
RTL Viewer

: Colars

Forts

Pin Planner
Forts
Programmer
Report Window
- Calors

Forts
B D Blbe

|

|

=

i~ Nativelink options

Specify the location of the Mativelink executable for each third-party EDA toal:

EDA Tool | Location of Executable

LeonardoS pectrum < double-click to change path »
Precigion Synthesiz ¢ double-click to change path »
Synplify < double-click to change path »
Synplify Pra < double-click to change path »
Active-HDL < double-click to change path »
MaodelSim ¢ double-click to change path »
ModelSim-Altera Di\alterah F2sp3smadelsim_aghwind2
MCSimm < double-click to change path »

I Use NativeLink with a Synplity/Sunplify Pro nodedocked license

Cancel

Nakonfigurujeme simuléaciu:
nments: EDA Tool Settings: Simulation

Horné menu: Assig

Settings - cvd_basic_logic

Category:

General
Files
Libraries
Device
Operating Settings and Conditions
Compilation Process Settings
= EDA Tool Settings
Design Entry/Synthesis
Simulation
Timing Analysis
Formal Yerification
Physical Synthesis
H Board-Level
- Ainalysis & Synthesis S ettings
|- Fitter Settings
Timing Analyzis Settings
- tgsembler
Design Azsistant
-~ SignalTap Il Logic Analyzer
Logic Analyzer Interface
- Simulator Settings
Sirmulation Yerification
Simulation Output Files
PowerPlay Power Analyzer Setlings

Specify options for generating output files for use with other EDA toals.

T ool name: |Mndel8imrA|tera Lj

™ PFun gate-level simulation automatically after compilation

EDA Metlist Writer options

Foimat for autput netlist: |WHDL - ime scale

Output directony: lD:\~= PHD ==Y UKA =-A\PLO_2008%c+3_basic_logic)

<
i

I~ Mapillegal HOL characters ™ Enable gitch filterng

Options far Power Estimation
[~ Gererate Yalus Change Dump [MCD] file script

l

Mare Settings..

-NativeLink seftings
" MNaone
* Compile test bench: ]

__-'_J Test Benches. .

=

=l
Beset

I Use script to set up simulation: ]

€ Script to compile test bench: ]

-

Caniel ‘

V Tool name bude uvedeny ModelSim-Altera (doméca instalacia) alebo ModelSim (Skolska

inStalacia)

V EDA Netlist Writer Options: Output Directory zadajte cestu k projektovému adresaru.
V NativeLink settings zaSkrtnite Compile test bench a kliknite na tlacidlo Test Benches...



Test Benches E]

Specify settings for each test bench.

Existing test hench settings:

Mame Toplevel module | Design Instance | Runfor | Test bench file(s]

Hew..
I
T

New...

New Test Bench Settings &l

Create new test bench settings.

Test bench name: |sl|m_cv3_bas\c_\ug\c

Top level module in test bench: ‘st\m_ch_hasic_lngic

Design instance name in test bench: |thE,CV3,baSiDJDQiD

Simulation periad

* Run simulation until all vector stimuli are used
" End simulation at: ns hd

Test bench files

File: name: | J

File hame Librany HDL Yersion

Test bench name: stim cv3 basic logic

Top level module in test bench: stim_cv3 basic logic
Design instance name in test bench: the cv3 basic logic

Vlozime test bench subor kliknutim na ...

Select File

Oblast hledan: ‘Lﬁ cv3_basic_logic j

Ichdb
4 [C3simulation stim_cv3_hasic_logic, vhd.hak
Fosledni (&) cva_basic_logic
dokumenty cv3_basic_\ogic

@ I'Q ov3_basic_logic.asm
Fiocha it onic.

2] cva_hasic_logic.eda

I'% cv3_basic_logic.fit
ov3_basic_logic.fit. summary
I'ﬂ ov3_basic_logic.Fow

2] ev3_basic_logic.map

)

Dokumenty

v3_hasic_lagic.map.summary

i

Tento potitad
— [Z] eva_basic_logic.tan
'g ) cv3_basic_logic tan.summary

Mista v siti
Mézev souban: |sl\m_cv3_basic_log\c j Oteviit
Soubaryype [l Files ) =] Stoma

v3_basic_logic.pin

Kliknete na Add



New Test Bench Settings @l

Creats new test bench setings

Test bench name: [stim_cv3_basic,_ogic

Top level module in test bench: |sum,w3,basm,\ugm

Design instance name in test hench: |tHE,DV3,hﬂS‘CJDE‘G

Simulation period
& Run simulation untl all vectar stimuli are used

" End simulstion at ns hd

Test bench files

File name: |
File name Librany HDL Wersion
stim_cv3_basic_logic.vhd Default

ok Cancel

OK.
OK.
OK.

Prekompilujeme cely dizajn.
Spustime funként simulaciu: Horné menu: Tools: EDA Simulation Tool: Run EDA RTL
Simulation

7] wave - default

File Edit Wew Insert Format Tools Window

[ [y—

| 0 ps 10 586719 ps [ Mow: 400 ns Delta: 1

Prekompilujeme cely dizajn.
Spustime ¢asovu simuldciu: Horné menu: Tools: EDA Simulation Tool: Run EDA Gate Level
Simulation

ﬁ wave - default

File Edit Wew Insert Format Tools Window

| SuRE|| 4 Bl ABR BP]  [ RS

N [ [ye—

[ 0 ps to 567296 ps [ Now: 410 ns Delta: 1

Dizajn nahrajte do dosky do dosky CPLD_KIT.

Namet na samostatnu pracu:



Realizujte funként a casovu simuldciu v ModelSime prevodnika BCD na 7 segmentovy
displej. Projekt nahrajte do dosky.

Prevodnik:
library ieee;
use ieee.std logic 1164.all;

entity comb_unit is

port(
data : i1n std_logic_vector (3 downto 0);
seg : out std logic vector (6 downto 0)
)

end comb_unit;

architecture a of comb_unit is

begin
with data select
seqg <=

0000001 when ""1111', -- O
1001111 when ''1110", -- 1
0010010 when ""1101", -- 2
0000110 when ""1100", -- 3
1001100 when "1011', -- 4
0100100 when "1010", -- 5
"*0100000"" when ""1001', -- 6
"'0001111" when ''1000*, -- 7
0000000 when "0111', -- 8
0000100 when 0110, -- 9
0001000 when ''0101", -- A
'*1100000" when '0100", -- b
1110010 when "0011', -- c
1000010 when ''0010", -- d
0110000 when "0001", -- e
""0111000" when ''0000*, -- f
1111111 when others; -- else

end a;

Test Bench:

library ieee;
use 1eee.std_logic_1164.all;

entity stim_comb_unit is
end stim_comb_unit;

architecture stim of stim _comb _unit is

component comb_unit is

port(
data : in std_logic vector (3 downto 0);
seg : out std _logic _vector (6 downto 0)

)



end component;

signal stim_data : std_logic_vector (3 downto 0);

signal out _data : std logic_vector (6 downto 0);
begin
the_comb_unit: comb_unit
port map (

data => stim_data,
seg => out _data

)

stimulus: process
begin

stim_data <= "1111"; wait for 100ns;
stim_data <= ""1110"; wait for 100ns;
stim_data <= '1101"; wait for 100ns;
stim_data <= "1100"; wait for 100ns;
stim_data <= "1011"; wait for 100ns;
stim_data <= '"1010"; wait for 100ns;
stim_data <= "1001'; wait for 100ns;
stim_data <= "1000"; wait for 100ns;
stim_data <= "0111"; wait for 100ns;
stim_data <= "0110"; wait for 100ns;
stim_data <= '"0101"; wait for 100ns;
stim_data <= '"0100"; wait for 100ns;
stim_data <= ""0011"; wait for 100ns;
stim_data <= '"0010"; wait for 100ns;
stim_data <= ""0001"; wait for 100ns;
stim_data <= ""0000";

wait;

end process stimulus;

end stim;



