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Verifikace a simulace pomoci
nastroje ModelSIM (QuestaSIM)



Overeni funkcénosti - testbench

« Testbench je obvod, ktery aplikuje testovaci vektory na vstupy testovaného
obvodu a verifikuje ziskanou odezvu (neni nezbytne nutné).

* Vysledkem muZze byt Casovy diagram (waveform) nebo textovy/binarni soubor.
* Ve VHDL Ize napsat jednoduchy i komplexni testbech (snadna prenositelnost).
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Nastroje pro simulaci HDL

* Pro simulaci lze pouzit
— ModelSIM, QuestaSIM (vyzaduje licenci)
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— Xilinx Vivado (objemny SW, umoznuje i post-synthesis simulaci)
o= Nerllog)
— GHDL

 Alternativné Ize pracovat primo na stroji fitkit-build
(z Windows pomoci putty+Xming, WSL2 apod.)



Vyuziti WSL2 (Windows)

2 windows PowerShell * - |

PS C:\Users\Vojta> bash |




Zdrojovy kod (VHDL, Verilog, ..

Tlibrary IEEE;
use IEEE.std_logic_1164.al1l;

entity blk4 is
port (
il,i2,i3,i4: in STD_LOGIC;
ol: out STD_LOGIC
)
end b1k4;

architecture struc of blk4 is
begin

ol <= (il or 1i2) and (i3 and i4);
end struc;
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Simulace pomoci nastroje GHDL
(open-source)



Nastroje

« GHDL
— Kompilator VHDL do spustitelného souboru
— Vystupem simulace je test podminek (assertt) a waveform

e Zobrazeni waveformu
— GTKWave (zastaralé GUI)

— Surfer
* Instalace pro Linux / Windows (nejrychlejsi) —
« Webova aplikace ( ) — soubory &=
» Doplnék do VSCode ( ) — dostaCuje G
* Nevyhody

— neumoznuje breakpointy pro ladéni (&
— v zakladu pouze behavioarni simulace (viz dale) =

INP


https://app.surfer-project.org/
https://app.surfer-project.org/
https://app.surfer-project.org/
https://marketplace.visualstudio.com/items?itemName=surfer-project.surfer
https://marketplace.visualstudio.com/items?itemName=surfer-project.surfer
https://marketplace.visualstudio.com/items?itemName=surfer-project.surfer

Postup simulace pro GHDL

« Sklada se ze analyzy (-a), elaborace (-e) a spusténi
* Nutné —fsynopsys pro podporu standardnich knihoven

 Vytvori se GHW (nebo VCD) soubor pro signaly definované v
top.wave

all: top.wave build

build: ram.vhd top.vhd sim.vhd
ghdl -a -fsynopsys $°
ghdl -e -fsynopsys top_sim

ghdl -r -fsynopsys top_sim --wave=top.ghw --stop-time=10us --read-wave-opt=top.wave

top.wave:
ghdl -r -fsynopsys top_sim --stop-time=1lus --wave=top.ghw --write-wave-opt=top.wave
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eSeny priklad

Priklad — jednoduchy akcelerator

* Navrhnete datovou cestu pro
jednoduchy akcelerator kodu pro
secteni vsech Cisel z pameti az
po data s hodnotou O.

acc += *ptr;

* Implementujte stavovy automat } while(*(ptr++) != 0 );
pro rizeni.

*ptr = acc;

e Data ¢ététe z dodané RAM.

INP 10



Reseni - architektura

RAM
»| ADDR
PTR L‘ ACC » WDATA
—>
Lo k3 RDATA
o £ © 2 __
—| RDWR
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=0
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FSu

int acc

do {
acc += *ptr;

} while(*(ptr++) != 0 );

*ptr = acc;
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Simulace pomoci komerénich nastroju
Questa, Vivado (post-synthesis)



Priklad: 8-bitovy binarni citac
(cntr.vhd)

Synchronni CitaC - obvod, ktery pfi kazdé vzestupné (nebo sestupné) hodinové hrane
inkrementuje hodnotu na vystupu Q

LIBRARY IEEE; RST IonT| q
USE jeee.std logic 1164.ALL; - >
USE ieee.std logic unsigned.ALL; CLK
ENTITY cntr IS

PORT (

CLK : IN STD_LOGIC;
RST : IN STD LOGIC;
Q : BUFFER STD LOGIC _VECTOR(7 DOWNTO ©)
)5
END cntr;

ARCHITECTURE behavioral OF cntr IS
BEGIN
citac : PROCESS (RST, CLK)
BEGIN
IF RST = '"1"' THEN
Q <= (OTHERS => '0');
ELSIF CLK'event AND (CLK = "1") THEN
-- elsif (CLK = '"1') then -- chybny zapis
Q<=0 + 1;
END IF;
END PROCESS;
END ARCHITECTURE;



Testbench pro citac
(tb.vhd)

LIBRARY ieee;

USE ieee.std logic_1164.ALL; Typické casti
ENTITY citac_tb IS _ . . i i _
END citac_tb;  deklarace signalu potrebnych pro simulaci
ARCHITECTURE behavior OF citac_tb IS . . ’ ’
- -vstupy * instance simulované komponenty (pomoci
SIGNAL clk : STD LOGIC := '@'; -
SIGNAL rst : STD:LOGIC 0= Miltg entlty nebo komponenty)
——Vystupy o 7 . 7 . 7
SIGNAL g : STD_LOGIC VECTOR(7 DOWNTO ©0); generator hOdInovehO Slgnalu
SEGIN  proces fidici signal rst a sledujici odezvu

-- instance uut (unit under test)

uut : ENTITY work.cntr PORT MAP (
CLK => clk, RST => rst, Q => q
)

clk <= NOT clk AFTER 5 ns;

PROCESS

BEGIN
WAIT FOR 100 ns;
WAIT UNTIL clk
rst <= '0';
WAIT UNTIL clk
WAIT FOR 1 ns;
ASSERT gq = "00000001" REPORT "Chyba 1";
WAIT UNTIL clk = '1°;
WAIT FOR 1 ns;
ASSERT q = "00000010" REPORT "Chyba 2";
WAIT;

END PROCESS;

END;

'@';

'1';



Skript pro automatizaci simulace — pro ModelSim (QuestaSim)

(sim.fdo)

v1ib work

vcom -explicit -93 src/cntr.vhd
vcom -explicit -93 +acc=rn src/tb.vhd

vsim -t 1ns -T1ib work citac_tb
view wave
add wave -divider "vstupy"

add wave -Tabel "reset" -color yellow /citac_tb/rst
add wave -label "hodinovy signal"™ -color magenta /citac_tb/clk

add wave -divider "vystup"
add wave -radix unsigned -label "citac" /citac_tb/q

#vsechny signaly z UUT
add wave -divider "uut"
add wave /citac_tb/uut/*

restart -f

force -freeze citac_tb/rst 1 0 600ns -cancel 1000ns

run 2 us

Typické casti

« Kompilace zdrojovych kédu

* Inicializace simulace

« Pridani signalu do waveform
okna (volitelné)

« Nastaveni hodnot signalu
(volitelné)

« Spusténi simulace

Spusténi simulace

vsim -do sim.fdo



Simulace

[ Questa Sim-64 2022.3
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# Attempting to use alternate WLE file ™., ftslodlor.

# ** Warning: (v3im-WLF-5001) Could not open WLF file: wvsim.wlf

# Using alternate file: ./wlftsl0d410

# %% Mote: (wsim-12125) Errcr and warning message counts have been reset to '0' because of "restart'.

# ¥* Note: (w3im-3009) Loading existing optimized design _optl

# %% Note: (wsim-1212€) Error and warning message counts have been restored: Errors=0, Warnings=l.
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m test_project - [C/Users/Vojta/Vivado/test_project/test_projectxpr] - Vivado 2023.2
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Syntéza

Proces prevodu ze zakladnich entit
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~  SIMULATION

Simulace po syntéze

~ RTL ANALYSIS Run Post-Synthesis Functional Simulation

Run Behavioral Simulation

Run Linter Run Post-Synthesis Timing Simulation
» QOpen Elaborate

Ke zmeéne vystupu v praxi nikdy nedochazi inned po nabézné hrané, sy

v SYNTHESIS l

garantovat, ze ke zmene dojde vzdy pred novou nabéznou hranou (viz maximaini pracovni
frekvence)

Q W @ Q 1 ¥ = |4 M = 2 4 X

e

115.000 ns

Name Value 110.000 ns

o rst
> B q[7.0]
w CLK
o CLKE_IBUF
o CLK_IBUF_BUFG

» B QU7-0]
e \A[7]_i_2 n 0
» M Q_OBUF[T:0]
W RST
8 RST_IBUF
> M plusOp[7:0]

Post-route simulation



Simulace po syntéze

_ spravny zapis (registr)
Rozdil funkéni a ¢asoveé simulace

(chybne popsany CitaC zneuzivajici chovani sensitivity listu)

Behavioral Simulation citac: process (RST, CLK)

elsif CLK'event and (CLK = '"1') then

115.000 ns

chybné (latch)

citac: process (RST, CLK)
begin
if RST="'1"' then
Q <= (others => '0");
elsif (CLK = '1") then Post-Route Simulation ~ citac: process (RST, CLK, Q)
Q<=0 + 1; 115,000 ns
end if;

end process;

@ rst

> W q[70]

m CLK
¢ CLK_IBUF




Chybné konstrukce

vetSinou se projevi po syntéze



Pravidla, ktera je vhodné dodrzovat

* Popis kombinaénich obvodu  Promeénné a signaly uvnitf procesu vzdy
— dataflow nebo proces s p|nYm inicializovat (nepOUZivat k uchovani StaVU) —
sensitivity listem (tzn. signaly na jinak vznika nepfijemny LATCH
pravé strané vyrazu)
a <= b AND c; PROCESS (b, c¢) IS PHECESS (psieite) 15
BEGIN
BEGIN N e
a <= b AND c; b <= '0';

END PROCESS; case pstate IS

when s@ =>

« Popis sekvencnich obvodu a <= '1';
— proces s podminkou na hodinovou Wnen st =L
hranu, sensitivity list obsahuje CLK when others => null
pfipadné RESET END.e”“

PROCESS (clk) IS

BEGIN
if clk = '"1"' and clk'event then
end if;

END PROCESS;



architecture BAD of EXAMPLE 1is
signal led : std_logic;
begin

process (CLK)
begin
if (CLK'event) and (CLK='1l"') then

if IE=III N

end T3
end if;
end process;

process(CLK)
begin
if (CLK'event) and (CLK='1l"') then

e =1
end T3

end if;
end process;

Chybné konstrukce

-

» Jeden konkrétni signal nelze ovladat z vice procesu

INP

architecture VALID of EXAMPLE 1is
signal led : std_logic;
begin

process (CLK)
begin
if (CLK'event) and (CLK='1l") then
if (...) or (...) then
Ted <= '1'
end if;
end if;
end process;

23



Chybné konstrukce

Spatny popis sekven&niho prvku s asynchronnim nulovanim. Asynchronni nulovani musi mit
vzdy nejvysSi prioritu.

architecture BAD of EXAMPLE 1is architecture VALID of EXAMPLE is
signal led : std_logic; signal led : std_logic;
begin begin
process(RESET, CLK) process(RESET, CLK)
begin begin
if (RESET='1') then if (RESET='1') then
Ted <= '0'; ‘ Ted <= '0';
elsif (CLK'event) and (CLK='1l') then
KYevent) and (CLK='1l"') then if (...) then
if (...) then led <= '"1'
led <= '"1' end if;
end if; end if;
end if; end process;

end process;

INP 24



Spatny popis sekven&niho prvku s asynchronnim nulovanim. Asynchronni nulovani musi mit

vzdy nejvysSi prioritu.

architecture BAD of EXAMPLE is
signal led : std_logic;
begin

process(RESET, CLK)
begin
if (CLK'event) and (CLK='1l") then
if (...) then
Ted <= '1'
end if;

T='1') then

led <= '0';
end if;
end process;

Chybné konstrukce

INP

architecture VALID of EXAMPLE 1is
signal led : std_logic;
begin

process(RESET, CLK)
begin
if (RESET='1') then
led <= '0';
elsif (CLK'event) and (CLK='1l') then
if (...) then
Ted <= '1"
end if;
end if;
end process;
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Chybné konstrukce

Spatny popis sekven&niho prvku s asynchronnim nulovanim
Asynchronni nulovani nesmi nikdy reagovat na synchronni udalost

architecture BAD of EXAMPLE is
signal led : std_logic;
begin

process(RESET, CLK)

begin
if dge (RESET) then
led <= '0';
end if;

if falling_edge(RESET) and/or/if
(CLK'event) and (CLK="'1l") then

if (...) then
led <= '1'
end if;
end if;
end if;

end process;

INP

architecture VALID of EXAMPLE 1is
signal led : std_logic;
begin

process(RESET, CLK)

begin
if (RESET='1l"') then
led <= '0';
elsif (CLK'event) and (CLK='1l'"') then
if (...) then
led <= '1'
end if;
end if;

end process;
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Nevhodné konstrukce

» Nevhodny popis sekvencniho chovani, ktery vede na zhorSené parametry vysledného hardware
(hodinovy signal je veden datovou cestou)

architecture BAD of EXAMPLE is architecture VALID of EXAMPLE is
signal clk_slow : std_logic := '0'; signal clken : std_logic := '0';

begin begin
process (CLK) process (CLK)
begin begin

if (CLK'event) and (CLK='1l"') then if (CLK'event) and (CLK='1l'"') then

if (...) then clken <= '0';
clk_slow <= not clk_slow; if (...) then clken <= '1'; end if;

end if; end if;

end if; » end process;
end process;

process (CLK)
process(clk_sTow) begin
begin if (CLK'event) and (CLK='1l'"') then
if @t) and (@ if (clken = '1') then
then e
e end if;
end if; end if;

end process; INP end process;
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