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Uktady reprogramowalne i SoC 2

« State sg definiowane przy pomocy stowa kluczowego
CONSTANT.

CONSTANT name : type := value
CONSTANT set bit : BIT := 'l';
CONSTANT datamemory : memory := (('0','0','0','0"),

('0','0','0','1'),
(|0|,|0|,|1|,|1|));

« Stata moze by¢ zadeklarowana wewnatrz PACKAGE, ENTITY lub
ARCHITECTURE

— Zadeklarowana w pakiecie jest naprawde globalna, gdyz pakiet
moze byc uzywany przez wiele komponentow

— Zadeklarowana w ENTITY (po deklaracji portéw) jest globalna
dla wszystkich architektur

— Zadeklarowana w ARCHITECTURE jest dostepna tylko w
kodzie tej architektury
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Uktady reprogramowalne i SoC 3
=

TFL Sygnaty

« SIGNAL stuzy do przekazywania wartosci z i do obwodu a takze
pomiedzy jego elementami

— Reprezentuje przewody
« Wszystkie porty sg rowniez traktowane jako sygnaty

SIGNAL control: BIT := '0';
SIGNAL count: INTEGER RANGE 0 TO 100;
SIGNAL y: STD LOGIC VECTOR (7 DOWNTO O0) ;

 Wazng cechg sygnatu, uzytego wewnatrz sekwencyjnej sekcji
kodu jest to, ze nie jest on uaktualniany natychmiast, ale dopiero
po zakonczeniu biezgcej] aktywacji procesu

* Przypisania do sygnatu wykonuje sie przy pomocy operatora "<="

— Wielokrotne przypisania do sygnatu sg dozwolone tylko
wewnatrz jednego procesu

« Brane jest wowczas pod uwage ostatnie przypisanie
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Uktady reprogramowalne i SoC 4

Przyktad: zliczanie jedynek

1 _______________________________________

2 LIBRARY ieee; * Przykiad nie zadziata
3 USE ieee.std logic_1164.all; ] ]
s « Wystepuje wielokrotne
5 ENTITY count ones IS . .

6  PORT ( din: IN STD LOGIC_VECTOR (7 DOWNTO 0); przypisanie do sygnatu
7 ones: OUT INTEGER RANGE 0 TO 8); temp

8 END count_ones;

0 o e e . ..

10 ARCHITECTURE not_ ok OF count_ones IS * W Celu OSIagnIQCIa

11  SIGNAL temp: INTEGER RANGE 0 TO 8; oczekiwanego efektu
12 BEGIN . . . .
5 meeeses (G nalezy uzyC zmiennej
14 BEGIN

15 temp <= 0;

16 FOR i IN 0 TO 7 LOOP

17 IF (din(i)='1') THEN

18 temp <= temp + 1;

19 END IF;

20 END LOOP;

21 ones <= temp;

22 END PROCESS;

23 END not_ok;

Y
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* Zmienne reprezentujg jedynie lokalng
informacje

* Mogg byC zadeklarowane i uzyte tylko
wewnatrz procesu, funkcji lub procedury

» Uaktualnienie wartosci zmiennej jest
natychmiastowe - mozna korzystac z nowej
wartosci zaraz po przypisaniu

VARIABLE name : type [range] [:= init value];

VARIABLE control: BIT := '0';
VARIABLE count: INTEGER RANGE 0 TO 100;
VARIABLE y: STD LOGIC VECTOR (7 DOWNTO 0O) := "10001000";

Projekt wspotfinansowany przez Unig Europejska
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Uktady reprogramowalne i SoC

1 P2y kiad: zliczanie jedynek

] e

2 LIBRARY ieee;

3 USE ieee.std logic_1164.all;

4 _______________________________________

5 ENTITY count_ones IS

6 PORT ( din: IN STD LOGIC_VECTOR (7 DOWNTO O0) ;
7 ones: OUT INTEGER RANGE 0 TO 8);
8 END count_ones;

9 _______________________________________

10 ARCHITECTURE ok OF count_ones IS

11 BEGIN

12 PROCESS (din)

13 VARIABLE temp: INTEGER RANGE 0 TO 8;
14 BEGIN

15 temp := 0;

16 FOR i IN 0 TO 7 LOOP

17 IF (din(i)='1l') THEN

18 temp := temp + 1;

19 END IF;

20 END LOOP;

21 ones <= temp;

22 END PROCESS;

23 END ok;
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Zastosowanie

Zasieg

Zachowanie

Uzycie

&l Sygnat a zmienna

Uktady reprogramowalne i SoC

SIGNAL

Reprezentuje potgczenia w
obwodzie

Globalny

Uaktualnienie nie jest
natychmiastowe w kodzie
sekwencyjnym

W PACKAGE, ENTITY lub
ARCHITECTURE

VARIABLE

Reprezentuje lokalng informacje

Lokalny (widoczny wewnatrz procesu,
procedury i funkciji

Uaktualniana natychmiast

Tylko w kodzie sekwencyjnym:
procesie, funkcji lub procedurze
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W& Przykiad: multiplekser

Uktady reprogramowalne i SoC
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-- Solution 1: using a SIGNAL (not ok) --
LIBRARY ieee;
USE ieee.std logic_l164.all;

ENTITY mux IS

PORT ( a, b, ¢, d, s0, sl1: IN STD LOGIC;

y: OUT STD_LOGIC) ;

END mux;
ARCHITECTURE not ok OF mux IS
SIGNAL sel : INTEGER RANGE 0 TO 3;
BEGIN
PROCESS (a, b, ¢, d, s0, sl)
BEGIN
sel <= 0;
IF (s0='l') THEN sel <= sel + 1;
END IF;
IF (sl='l') THEN sel <= sel + 2;
END IF;

CASE sel IS
WHEN 0 => y<=a;
WHEN 1 => y<=b;
WHEN 2 => y<=c;
WHEN 3 => y<=d;
END CASE;
END PROCESS;
END not ok;

S S
10

Projekt wspotfinansowany przez Unig Europejska
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spotecznego

DA, STRATECGIA SPOIRINL

UNIA EUROPEJSKA
EUROPEJSKI
FUNDUSZ SPOLECZNY




W& Przykiad: multiplekser

Uktady reprogramowalne i SoC
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-- Solution 2: using a VARIABLE (ok) ----
LIBRARY ieee;
USE ieee.std logic_l164.all;
ENTITY mux IS
PORT ( a, b, ¢, d, s0, sl1: IN STD LOGIC;
y: OUT STD_LOGIC) ;

ARCHITECTURE ok OF mux IS
BEGIN
PROCESS (a, b, ¢, d, s0, sl)
VARIABLE sel : INTEGER RANGE 0 TO 3;
BEGIN
sel := 0;
IF (s0='1l') THEN sel
END IF;
IF (sl='1l') THEN sel
END IF;
CASE sel IS
WHEN 0 => y<=a;
WHEN 1 => y<=b;

sel + 1;

sel + 2;

WHEN 2 => y<=c;
WHEN 3 => y<=d;
END CASE;
END PROCESS;
END ok;

S S
10
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Uktady reprogramowalne i SoC 1 0

1 ---- Solution 1: not OK ------—--—-—---
2 LIBRARY ieee;
3

USE ieee.std logic_1164.all; d q

5 ENTITY dff IS

6 PORT ( d, clk: IN STD_LOGIC;

7 q: BUFFER STD LOGIC; DFF
8 gbar: OUT STD_LOGIC) ;

9 END dff;

10 ———mmm e lk b‘
11 ARCHITECTURE not ok OF dff IS C ::>> (l ar
12 BEGIN

13 PROCESS (clk)
14 BEGIN

15 IF (clk'EVENT AND clk='1l') THEN

16 q <= d;

17 gbar <= NOT q;

18 END IF;

19 END PROCESS;

20 END not ok;

A

1DDPn5 EDDPns HDDPns 4DDPH5 EDDPns EDDPns
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Uktady reprogramowalne i SoC 1 1

1 ---- Solution 2: OK -----—----—-——-——-——-—-—
2 LIBRARY ieee;
3

USE ieee.std logic_1164.all; (1 (]

5 ENTITY dff IS

6 PORT ( d, clk: IN STD_LOGIC;

7 q: BUFFER STD LOGIC; DFF
8 gbar: OUT STD_LOGIC) ;

9 END dff;

10 ———mmm e lk b‘
11 ARCHITECTURE ok OF dff IS C ::>> (l ar
12 BEGIN

13 PROCESS (clk)
14 BEGIN

15 IF (clk'EVENT AND clk='l') THEN
16 q <= d;
17 END IF;

18 END PROCESS;
19 gbar <= NOT q;

20 END ok;
2] — e e
1DDPn5 EDDPns HDDPns 4DDPH5 EDDPns EDDPns
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Uktady reprogramowalne i SoC 1 2

1 m e
2 LIBRARY ieee;

3 USE ieee.std logic 1164.all;

8 mmmm e £ FREQ. :

5 ENTITY freq divider IS k.  —» pvipER [—» fa/6

6 PORT ( clk : IN STD_LOGIC;

7 outl, out2 : BUFFER STD_LOGIC) ; -I'Lj'l_r]_J'LJ'I_FT_ | | I |

8 END freq divider;

O

10 ARCHITECTURE example OF freq divider IS

11 SIGNAL countl : INTEGER RANGE 0 TO 7; 125.|Dns 25U.|Un8 3?5.|Dns 5UU.IUnS 625.|Dr

12 sscn = U0 U0 U OOL
13 PROCESS (clk) @ott |0 | 1

14 VARIABLE count2 : INTEGER RANGE 0 TO 7; - out? i —,—l—,—l_
15 BEGIN

16 IF (clk'EVENT AND clk='l') THEN

17 countl <= countl + 1;

18 count2 := count2 + 1; . r . |f>|
s 5 o 27w » Co wpisac zamiast ™
20 outl <= NOT outl;

21 countl <= 0;

22 END IF;

23 IF (count2 = ? ) THEN

24 out2 <= NOT out2;

25 count2 := 0;

26 END IF;

27 END IF;

28 END PROCESS;
29 END example;
e
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Uktady reprogramowalne i SoC 1 3

* Sygnat generuje przerzutnik kiedy wykonywane jest do
niego przypisanie na zboczu innego sygnatu - podczas
synchronicznego przypisania.

* Moze to nastgpi¢ wewnatrz procesu, funkc;ji lub
procedury

* Zmienna nie generuje przerzutnika, jezeli je] wartosc nie
opuszcza procesu.

— Jezeli na zboczu jakegos sygnatu do zmiennej jest
przypisywana wartosc¢, a nastepnie zmienna jest
przypisana do sygnatu, przerzutnik moze zostac
wygenerowany.

« Zmienna wygeneruje przerzutnik, gdy jest uzyta przed
przypisaniem do niej wartosci

Projekt wspotfinansowany przez Uni¢ Europejska
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spotecznego




Uktady reprogramowalne i SoC 1 4

& b1y kiady

-- outputl and output2 will both be stored
-- (that is, infer flip-flops)
PROCESS (clk)

BEGIN
IF (clk'EVENT AND clk='1l') THEN
outputl <= temp; -- outputl stored
output2 <= a; -- output2 stored
END IF;

END PROCESS;

-- only outputl will be stored
-- (output2 will make use of logic gates)
PROCESS (clk)

BEGIN
IF (clk'EVENT AND clk='1l') THEN
outputl <= temp; -- outputl stored
END IF;
output2 <= a; -- output2 not stored

END PROCESS;

-- temp (a variable) will cause x
-- (a signal) to be stored.
PROCESS (clk)

VARIABLE temp: BIT;

BEGIN
IF (clk'EVENT AND clk='l') THEN
temp := a;
END IF;
X <= temp; -- temp causes x to be stored

END PROCESS;

ﬁ KAPITAEL LUDZKI
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Uktady reprogramowalne i SoC 1 5

1 ---- Solution 1: Two DFFs ----—-———--------
2 LIBRARY ieee;
3 USE ieee.std logic 1164.all;

4 _________________________________________

5 ENTITY dff IS

6 PORT ( d, clk: IN STD LOGIC; d —q
7 q: BUFFER STD_ LOGIC;

8 gbar: OUT STD_LOGIC) ; DFF

9 END dff;

R clk >

11 ARCHITECTURE two dff OF dff IS

12 BEGIN

13 PROCESS (clk)

14 BEGIN > qbur
15 IF (clk'EVENT AND clk='1l') THEN

16 g <= d; -- generates a register DFFE

17 gbar <= NOT d; -- generates a register

18 END IF;

19 END PROCESS; >

20 END two dff;

Al s e e
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Uktady reprogramowalne i SoC
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—--—-- Solution 2: One DFF --——-—————————————
LIBRARY ieee;
USE ieee.std logic 1164.all;
ENTITY dff IS
PORT ( d, clk: IN STD LOGIC;
q: BUFFER STD_ LOGIC;
gbar: OUT STD_LOGIC) ;

END dff;
ARCHITECTURE one dff OF dff IS
BEGIN
PROCESS (clk)
BEGIN
IF (clk'EVENT AND clk='l') THEN
q <= d; -- generates a register
END IF;
END PROCESS;
gbar <= NOT gq; -- uses logic gate (no register)
END one dff;

P Przerzutnik z wyjSciem prostym i zanegowanym

d —

clk

DFF

16

qbar
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1 Proykiad: licznik

Uktady reprogramowalne i SoC
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—————— Solution 1: With a VARIABLE --------
ENTITY counter IS

PORT ( clk, rst: IN BIT;

count: OUT INTEGER RANGE 0 TO 7);

END counter;
ARCHITECTURE counter OF counter IS
BEGIN

PROCESS (clk, rst)

VARIABLE temp: INTEGER RANGE 0 TO 7;
BEGIN
IF (rst='1l') THEN
temp:=0;
ELSIF (clk'EVENT AND clk='l') THEN
temp := temp+l;
END IF;

count <= temp;
END PROCESS;
END counter;

clk—

COUNTER

>

=P count (2:0)

rst

17
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1 Proykiad: licznik

Uktady reprogramowalne i SoC
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—————— Solution 2: With SIGNALS only -------
ENTITY counter IS
PORT ( clk, rst: IN BIT;
count: BUFFER INTEGER RANGE 0 TO 7) ;
END counter;
ARCHITECTURE counter OF counter IS
BEGIN
PROCESS (clk, rst)
BEGIN
IF (rst='1l') THEN
count <= 0;
ELSIF (clk'EVENT AND clk='l') THEN
count <= count + 1;
END IF;
END PROCESS;
END counter;

clk—

COUNTER

>

=P count (2:0)

rst
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Uktady reprogramowalne i SoC 1 9

l - Solution 1: ---————--cmm o

2 ENTITY shift IS

3 PORT ( din, clk: IN BIT;

4 dout: OUT BIT) ;

5 END shift;

6 ———m—

7 ARCHITECTURE shift OF shift IS

8 BEGIN

9 PROCESS (clk)

10 VARIABLE a, b, c: BIT; din L dout
11 BEGIN DFF DFF DFF DFF
12 IF (clk'EVENT AND clk='1l') THEN N S S N
13 dout <= c; |_ |_ |_ |_

14 c :=b; clk

15 b := a;

16 a := din;

17 END IF;

18 END PROCESS;

19 END shift;

20 ————————— e =

Projekt wspotfinansowany przez Uni¢ Europejska NIk EURGBEISKA
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Uktady reprogramowalne i SoC 20

l - Solution 2: -—-—=—-—--—m———————-

2 ENTITY shift IS

3 PORT ( din, clk: IN BIT;

4 dout: OUT BIT) ;

5 END shift;

6 ______________________________________

7 ARCHITECTURE shift OF shift IS

8 SIGNAL a, b, c: BIT;

9 BEGIN

10 PROCESS (clk) din —— dout
11 BEGIN DFF DFF DFF DFF
12 IF (clk'E\-IENT AND clk='1l') THEN N S S N
13 a <= din; |_ I_ |_ |—

14 b <= a; clk

15 c <= b;

16 dout <= c;

17 END IF;

18 END PROCESS;

19 END shift;

20 ————-—— e -
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Uktady reprogramowalne i SoC
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-------- Solution 3:

ENTITY shift IS
PORT ( din,

dout: OUT BIT) ;

END shift;

ARCHITECTURE shift OF shift IS

BEGIN

clk:

PROCESS (clk)
VARIABLE a, b,

BEGIN

IF (clk'EVENT AND clk='1l') THEN >

a := din;

b :=
c :=
dout
END IF;
END PROCESS;
END shift;

a;)
b;
<=

IN BIT;

c: BIT; din
DFF

21
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Uktady reprogramowalne i SoC

1 ---- Solution 1: With an internal SIGNAL ---
2 LIBRARY ieee;

3 USE ieee.std logic 1164.all;

4
5 ENTITY shiftreg IS

6 PORT ( d, clk, rst: IN STD_LOGIC;

7 q: OUT STD_ LOGIC) ;

8 END shiftreg;

9 ____________________________________________
10 ARCHITECTURE behavior OF shiftreg IS

11 SIGNAL internal: STD_LOGIC_VECTOR (3 DOWNTO O0) ;
12 BEGIN

13 PROCESS (clk, rst)
14 BEGIN

15 IF (rst='1') THEN

16 internal <= (OTHERS => '0');

17 ELSIF (clk'EVENT AND clk='l') THEN

18 internal <= d & internal (3 DOWNTO 1) ;
19 END IF;

20 END PROCESS;

21 q <= internal (0) ;

22 END behavior;

K e et

TFL Przyktad: rejestr przesuwny z resetem

d

22

DFF

DFF

DFF

DFF

—
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Uktady reprogramowalne i SoC

TFL Przyktad: rejestr przesuwny z resetem

1 -- Solution 2: With an internal VARIABLE ---

2 LIBRARY ieee;

3 USE ieee.std logic 1164.all;

4
5 ENTITY shiftreg IS

6 PORT ( d, clk, rst: IN STD_LOGIC;

7 q: OUT STD_ LOGIC) ;

8 END shiftreg;

9 ____________________________________________
10 ARCHITECTURE behavior OF shiftreg IS

11 BEGIN

12 PROCESS (clk, rst)

13 VARIABLE internal: STD_LOGIC_VECTOR (3 DOWNTO O) ;
14 BEGIN

15 IF (rst='1') THEN

16 internal := (OTHERS => '0');

17 ELSIF (clk'EVENT AND clk='l') THEN

18 internal := d & internal (3 DOWNTO 1) ;
19 END IF;

20 q <= internal(0) ;

21 END PROCESS;
22 END behavior;
23 ~——————

d

clk
rst

23

DFF

DFF

DFF

DFF
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Uktady reprogramowalne i SoC 24
| (el

P%L Problem: programowalny ukfad op6zniajacy

q4

DFF DFF DFF DFe

clk

MUX q

sel
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Uktady reprogramowalne i SoC 25

Ktory program dziata poprawnie?

——————————————————————————————————————————————— Solution 2] —==i==i oo oo s ==
ENTITY dff IS ARCHITECTURE arch2 OF dff IS
PORT ( d, clk: IN BIT; BEGIN
q: BUFFER BIT; PROCESS (clk)
gbar: OUT BIT) ; VARIABLE temp: BIT;
END dff; BEGIN
———————— Solution 1 —-—--—-—========"—=—=——- IF (clk'EVENT AND clk='l') THEN
ARCHITECTURE archl OF dff IS temp := d;
BEGIN q <= temp;
PROCESS (clk) gbar <= NOT q;
VARIABLE temp: BIT; END IF;
BEGIN END PROCESS;
IF (clk'EVENT AND clk='l') THEN END arch2;
temp := d;
qg<=temp; | T Solution 3 - —-————————————-———-—-
gbar <= NOT temp; ARCHITECTURE arch3 OF dff IS
END IF; BEGIN
END PROCESS: PROCESS (clk)
END archl; VARIABLE temp: BIT;
BEGIN
IF (clk'EVENT AND clk='1l') THEN
temp := d;
q <= temp;
END IF;
END PROCESS;
gbar <= NOT q;
END arch3;

1ski EUROPEJSKI
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