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Uplna séitacka (dataflow popis)

X—» _ _
Fal ™ Cou entity FullAdder 1is
Y—="1  dder port(X, Y, Cin: 1in bit; --Inputs
S Surm Cout, Sum: out bit); --Outputs
end FullAdder;

architecture dataflow of FullAdder 1is
begin

Sum <= X Xor Y xor Cin

cout <= :%: when (X and Y) or (X and Cin) or (Y and Cin) else

end architecture;

« vyuzivame pouze konstrukce pfifazeni signall

* lze uvést podminku (when) — vhodné pro popis multiplexoru, dekodéru, ... pfipadné pfifadit zpozdéni
(after) — pro potfeby simulace



4-bitova scCitacka (strukturni popis)
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architecture structure of Adder4 is

component FullAdder

i -

Ay

port(X, Y, Cin: in std_logic; Cout, Sum: out std_logic);

end component;

signal C: std_logic_vector(3 downto 1);

begin

FAO: FullAdder port map(A(©),B(0),Ci,C(1),S(0));
FAl: FullAdder port map(A(1),B(1),C(1),C(2),S(1));
FA2: FullAdder port map(A(2),B(2),C(2),C(3),S(2));
FA3: FullAdder port map(X <= A(3),Y <= B(3),
Cin <= C(3),
Sum <= S(3), Cout <= Co);

end structure;

entity Adder4 is

end Adder4;

port (
A, B: in std logic_vector (3 downto 0);

Ci: in std logic;
S: out std logic vector (3 downto 0);
Co: out std logic);

« vyuziti kontrukce component a

port map (poziCni ne/zavislost)

analogie konstrukce Cislicovych
systému ze soucastek —
propojovani komponent
(soucastek) signaly (draty)
komponenta jako blackbox —
pracovat muze vice vyvojaru
soucCasné



4-bitova scCitacka (behavioralni popis)

Full Cs3 Full | G Full
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architecture behavioral of Adder4 is
begin
process (A,B,Ci)

variable t: std logic vector

(4 downto 0);
begin
= ('0'&A) + ('0'&B) + Ci;
S <= t(3 downto 0);
Co <= t(4);
end process;
end behavioral;

use IEEE.std_logic_unsigned.all;

Full
adder
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entity Adder4 is

port (
A, B: in std logic vector (3 downto 0);

Ci: in std logic;
S: out std logic vector (3 downto 0);
Co: out std logic);
end Adderi4;

 vyuziti procesu

e pozor na sensitivity list
(v pripade kombinacni funkce
musi byt uveden seznam
vSech signalu ze kterych je
odvozen vysledek)



Implementace zakladnich konstrukci v SW a HW

Sekvence prikazu

A=B+C
D = sin(A)
Y = F(D)

(3 kroky)

pouze
datova
cesta



Implementace zakladnich konstrukci v SW a HW

Podminéné vykonavani

X
If (S == 0): |
Y = F(X)
else: l l
Y = G(X) F G
e (3~4 instrukce CPU) ‘ ‘ ouze
| S —’\multiplexor/ datova
Y = G(X) cesta
If (S == 0):
Y = F(X)

Y
(3~5 instrukce CPU)



Implementace zakladnich konstrukci v SW a HW

Iterativni zpracovani (smyc¢ky)

sum=0

i=0

while (i < 8):
sum = sum + mem[i]
i+=1

(cca 40 instrukci CPU)

CLK_, i
TO =77? l l mem][i]
Fidici Gast v
CLK  (automat) +
L@ '
CLR _
cLK | registr

1—

sum (8 taktt CLK)



Obvod realizujici iteracni soucet posloupnosti

Cita¢ (Cnt) generuje adresy celého rozsahu
paméti (Mem), zastavi se u adresy 7

Hodnoty (val) z paméti jsou sCitany scCitaCkou
(Add) a mezivysledek uchovan v registru (Reg)
Signal EN, zabranujici prepsani finalniho
vysledku v Reg, je deaktivovan po vygenerovani
nejvysSi adresy pameti

Signal RST v log. 1 zpUsobi nulovani

registru a CitacCe

CLK synchronizuje €innost sekvencnich
obvodu — CitaCe a registru

Po kompletnim pruchodu paméti obsahuje
Reg (a jeho vystup — signal SUM) soucet
vsech jejich hodnot a signal DONE je aktivni (v
log. 0)

RST

CLK

Cnt ﬂk—“—» Mem
en lval lreg_out
Add
Yadd_out
Reg
DONE SUM



Navrh obvodu realizujiciho iteracni soucet posloupnosti

Cilem je navrhnout primitivni obvod, ktery je schopen vypoditat soucet hodnot N (napf. 8) prvku
umisténych v pameti.
Praktické pouziti (po rozSifeni): kontrola a generovani CRC soudtu

const N = 8 addr
char mem[N] = {1,..}; Cntl=——{ MEM
char 1
A A
char sum;
— en lval reg_out
0 \ 4
sum =
i ®
for (i=0;1i<N;i++)
sum =0 (sum, mem[i]) ‘add_OUt
CLEAR 5 Reg
CLK >
v b
DONE SUM

» Jak prevedeme pseudo kéd na HW implementaci?

StaCi umét prevest sekvenci, selekci, iteraci. Priklad na papir




Sekvencn

entity Acc is

port (
CLK: in std logic;
RST: in std logic;
SUM: out std logic vector (7 downto 0);
DONE: out std logic
)i
end Acc;

architecture struct of Acc is

component Add is

port (
A: in std logic vector (7 downto 0);
B: in std logic vector (7 downto 0);
RES: out std logic vector (7 downto 0)

)i

end component;

component Cnt is

port (
CLK: in std logic;
RST: in std logic;

ADDR: out std logic vector (2 downto 0);
STOP: out std logic

)

end component;

component Mem is

port (
ADDR: in std logic vector (2 downto 0);
VAL: out std logic vector (7 downto 0)

)
end component;

I 4

i SC

citacka s vyuzitim komponen

component Reg is

t

Cnt__’ Mem

Add

Reg

port (
CLK: in std logic;
RST: in std logic;
EN: in std logic;
DIN: in std logic vector (7 downto 0);
DOUT: out std logic vector (7 downto 0) ﬁgﬁ(
)i
end component;
signal addr: std logic vector (2 downto 0);
signal val: std logic vector (7 downto 0);
signal add out: std logic vector (7 downto 0);
signal reg out: std logic vector (7 downto 0);
signal en: std logic;
begin
add inst: Add port map(A => val, B => reg out, RES
mem inst: Mem port map(ADDR => addr, VAL => val);
cnt inst: Cnt port map (CLK, RST, addr, en);
reg inst: Reg port map (CLK, RST, en, add out, reg out);

SUM <= reg out;

DONE <= en;

end struct;

o
7V¢

|

DONE SUM

=> add out);



Model sCitacky (komponenta Add)

library IEEE;

use IEEE.std logic 1164.all;

use IEEE.std logic unsigned.all;
use IEEE.std logic arith.all;

entity Add is

port (
A: in std logic vector (7 downto 0);
B: in std logic vector (7 downto 0);
RES: out std logic vector (7 downto 0)

)i

end Add;

architecture behav add of Add is

begin
gRES <= A + B; RCSL-II'-(

end behav add;

Cnt —» Mem
Res
> Reg
DONE SUM




Model citace (komponenta Cnt)

entity Cnt is
port (
CLK: in std logic;
RST: in std logic;
ADDR: out std logic vector (2 downto 0);
EN: out std logic
)
end Cnt;

architecture behav of Cnt is
signal cnt: std logic vector (2 downto 0);

begin
cnt proc: process (CLK, RST)
begin
if RST = '1' then
cnt <= "000";
EN <= '1"';
elsif CLK'event and CLK = 'l' then
EN <= '1"';
if cnt = "111" then
EN <= '0"';
else
cnt <= cnt + 1;
end if;
end if;

end process;

ADDR <= cnt;
end behav;

ADDR

Mem

EN

Add

v

RST >

A 4

Reg

CLK

v

DONE

1—

SUM



Model ROM pameti (komponenta Mem)

entity Mem is
port (

ADDR: in std logic vector (2 downto 0);
VAL: out std logic vector (7 downto 0)

) 8

end Mem;
architecture behav mem

begin
mem: process (ADDR)
begin
case ADDR is

when "000" =>
when "001" =>
when "010" =>
when "011" =>
when "100" =>
when "101" =>
when "110" =>
when "111" =>

end case;
end process;
end behav mem;

of Mem

VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL

is

= "00000001";
= "00000010";
= "00000011";
= "00000111";
= "00001111";
= "00011111";
= "00111111";
"0l11i1111";
when others => VAL <= "00000000";

RST
CLK

Cnt

Add

A 4

A 4

Reg

DONE

SUM




Model registru (komponenta Reg)

entity Reg is

port (
CLK: in std logic;
RST: in std logic; Cnt—’ Mem
EN: in std logic;
DIN: in std logic vector (7 downto 0); X 4
DOUT: out std logic vector (7 downto 0)

) ;
end Reg; \ 4

EN

architecture behav of Reg is Add

begin
reg: process (CLK, RST)
begin RST
if RST = '1' then CLK
DOUT <= "00000000"; DOU
elsif CLK'event and CLK = 'l' then A
if EN='1' then DONE SUM
DOUT <= DIN;
end if;
end if;
end process;
end behav;




Model registru (komponenta Reg)
Priklad vyuziti generickych proménnych

entity Reg is

generic (

DATA WIDTH : integer := 8
port (

CLK: in std logic;

RST: in std logic;

EN: in std logic;
DIN: in std logic vector (DATA WIDTH-1 downto O0);
DOUT: out std logic vector (DATA WIDTH-1 downto 0)

Add

EN

) ;
end Reg;

architecture behav of Reg is

RST

begin
reg: process (CLK, RST) (:l-k(
begin v
if RST = '1l' then —_—
DOUT <= (others => '0"); DONE SUM
elsif CLK'event and CLK = 'l' then

if EN='1"' then
DOUT <= DIN;
end if;
end if;
end process;
end behav;



entity
port (

CLK:
RST:
SUM:

Sekvencn

Acc is

in std logic;
in std logic;
out std logic vector (7 downto 0);

DONE: out std logic

) &

end Acc;

architecture behav of Acc is

signal
signal
signal
signal
signal

begin

addr: std logic vector (2 downto 0);
val: std logic vector (7 downto 0);

add out: std logic vector (7 downto 0);
reg out: std logic vector (7 downto O0);
stop: std logic;

cnt: process (CLK, RST)

begin
if RST = '1' then
addr <= "000";
stop <= '0"';
elsif clk'event and clk = 'l' then
if addr = "111" then
stop <= '1"';
else
addr <= addr + 1;
stop <= '0"';
end if;
end if;

end process;

y

1S

citacka popsana behavioralné

reg: process (CLK, RST)
begin
if RST = '1l' then
reg out <= X"00";
elsif clk'event and

clk = '1'
then
if stop = '0' then
reg out <= add out;
end if;
end if;

end process;

with addr
val <=

select
"00000001™

when

"OOO",

"00000010" when "0O1",
"00000011" when "010",
"00000111" when "0O11",
"00001111" when "100",
"00011111" when "101",
"00111111" when "110",
"01111111" when "111",
"00000000" when others;

add out <= reg out + val;

SUM <= reg out;
DONE <= not stop;

end behav;

RST
CLK

addr
Cnt Mem
y 4
stop val reg_out
A 4
Add
} add_out
> Reg
v t
DONE SUM



Pripomenuti
principu modelovani
koneénych automatu ve VHDL



Typy koneénych automatu

« Obvod majici pamét’ Ize chapat jako konecny stavovy automat (FSM)
* Navrh automatu vyzaduje

— definovat stavy automatu, prechody mezi stavy a vystupni funkci
« Podle zpusobu realizace vystupu rozliSujeme dva zakladni FSM

— Moore (vystup je pouze funkci stavu),

Pameét’ aktualniho
stavu
(registr)

nasledujici >
stav

vystupy
.

vstupy

Vystupni logika
(kombinaéni obvod)

Logika
nasledujiciho stavu
(kombinaéni obvod)

aktualni stav




Typy koneénych automatu

« Obvod majici pamét’ Ize chapat jako konecny stavovy automat (FSM)
* Navrh automatu vyzaduje

— definovat stavy automatu, prechody mezi stavy a vystupni funkci
« Podle zpusobu realizace vystupu rozliSujeme dva zakladni FSM

— Mealy (vystup je funkci stavu a vstupu)

Pamét’ aktualniho
stavu
(registr)

nasledujici >
stav

vystupy
—>

vstupy

Vystupni logika
(kombinaéni obvod)

aktualni stav T

Logika
nasledujiciho stavu
(kombinaéni obvodq)




Implementace kone¢nych automatu ve VHDL
Priklad: detektor posloupnosti 10

« VHDL implementace kone¢nych automatu
— FSM Ize ve VHDL popsat pomoci dvou nebo tfi procesu

» Priklad FSM: detektor posloupnosti 10 v retezci
— vystupem je 1 pokud byla detekovana posloupnost 10

priklad vstupu: 01001110111101010011011

CLK ESM ¥ . .0000100
RST
A

.A1o010 A

odpovidajici vystup: 00100001000010101000100



Detektor — Moore FSM — 2 procesy

Deklarace signalu

type FSMstate is (SXX, SX1, S10);
signal pstate : FSMstate;
signal nstate : FSMstate;

—-—-Present State register
pstatereg: process (RST, CLK)
begin
if (RST='1l'"') then
pstate <= SXX;
elsif (CLK'event) and (CLK='1l') then
pstate <= nstate;
end if;

end process;

--Next State logic + output logic
nstate logic: process (pstate, A)
begin
nstate <= SXX;
Y <= '0"';
case pstate is
when SXX =>

if (A = '1'") then
nstate <= SX1;
end if;

when SX1 =>
nstate <= SX1;

if (A = '0'") then
nstate <= S10;
end if;

when S10 =>
nstate <= SX1;
Y €= ViUg
if (A = '0") then
nstate <= SXX;
end if;
when others => null;
end case;
end process;



Detektor — Moore FSM — 3 procesy

—--Present State register
pstatereg: process (RST, CLK)
begin
if (RST='1l"') then
pstate <= SXX;
elsif (CLK'event) and (CLK='1l') then
pstate <= nstate;
end if;
end process;

--Output logic
output logic: process (pstate)
begin
Y <= '0"'";
case pstate 1is
when S10 =>
Y <= '1"';
when others => null;
end case;
end process;

--Next State logic
nstate logic: process (pstate, A)
begin
nstate <= SXX;
case pstate is
when SXX =>

if (A = '1'") then
nstate <= SX1;
end if;

when SX1 =>
nstate <= SX1;

if (A = '0') then
nstate <= S10;
end if;

when S10 =>
nstate <= SX1;

if (A = '0") then
nstate <= SXX;
end if;
when others => null;
end case;

end process;



Detektor — Mealy FSM — 2 procesy

0/0 1/0 /0

( )

--Next State logic + output logic

rese (] nstate logic: process (pstate, A)
begin
: 21 tate <= S0;
Deklarace signalu netate
Y <= v O v ’.
type FSMstate is (SO, S1); case pstate is

signal pstate : FSMstate; when SO0 =>

signal nstate : FSMstate; if (A = '1") then
nstate <= S1;
end if;
—-—-Present State register when S1 =>
pstatereg: process (RST, CLK) nstate <= S1;
begin if (A = '0'") then
if (RST='1l') then Y <= "1";

nstate <= S0;
end if;
when others => null;
end case;
end process;

pstate <= S0;
elsif (CLK'event) and (CLK='1l') then
pstate <= nstate;
end if;
end process;



Detektor — Mealy FSM — 3 procesy

—--Present State register
pstatereg: process (RST, CLK)
begin
if (RST='1l"') then
pstate <= S50;

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

pstate <= nstate;
end if;
end process;

--Output logic
output logic: process(pstate, A)
begin

Y <= '0"'";
if (pstate = S1) and (A = 0) then
Y <= '1"';

end if;
end process;

Pozor na sensitivity list u vystupni logiky

--Next State logic + output logic

nstate logic: process (pstate, A)
begin
nstate <= S50;
case pstate is
when SO0 =>

if (A = '1'") then
nstate <= S1;
end if;

when S1 =>
nstate <= S1;

if (A = '0'") then
nstate <= S0;
end if;
when others => null;
end case;

end process;



Detektor — Mealy FSM — 3 procesy

--Present State register --Next State logic + output logic
pstatereg: process (RST, CLK)
nstate logic: process (pstate, A)
begin
nstate <= S50;
case pstate is
when SO0 =>

begin
if (RST='1l"') then
pstate <= S50;
elsif (CLK'event) and (CLK='1l') then
pstate <= nstate;

if (A = '1") then
end if; nstate <= S1;
end process; end if;

when S1 =>
nstate <= S1;

, , . ;L Y . if (A = '0") then
Vystuppl logika nemusi byt nutné popsana TEtate <= 20
pomocCli procesu end if;

when others => null;
--Output logic end case;
Y <= 'l' when (pstate = S1) and (A = 0) else end process;

'OV;
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