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Uktady reprogramowalne i SoC 2

i Pakiety i komponenty
Main code LIBRARY
. PACKAGE
cch;ll.lb[Idt:tL:n\ ¢ 4 COMPONENT
FUNCTION
ENTITY PROCEDURE

ARCHITECTURE

» (Czesto uzywane fragmenty kodu VHDL sg zazwyczaj opisywane
w formie komponentéw, funkcji i procedur umieszczonych w
pakietach, ktore sktadajg sie na biblioteke.

« Skfadnia struktury pakietu wyglada nastepujgco:

PACKAGE package name IS
(declarations)
END package name;

[PACKAGE BODY package name IS
(FUNCTION and PROCEDURE descriptions)
END package name;]

* *
EUROPEJSKI * *
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Uktady reprogramowalne i SoC 3

el

1 ________________________________________________

2 LIBRARY ieee;

3 USE ieee.std logic _1164.all;

4 ________________________________________________

5 PACKAGE my package IS

6 TYPE state IS (stl, st2, st3, st4);

7 TYPE color IS (red, green, blue);

8 CONSTANT vec: STD LOGIC _VECTOR(7 DOWNTO 0) := "11111111";
9 END my package;

)

A ot e w ramach Europejskiego Funduszu Spotecznego o
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Uktady reprogramowalne i SoC

2 LIBRARY ieee;
3 USE ieee.std logic_1164.all;

4 -

5 PACKAGE my package IS

6 TYPE state IS (stl, st2, st3, st4);

7 TYPE color IS (red, green, blue);

8 CONSTANT vec: STD_LOGIC_VECTOR(7 DOWNTO 0) := "11111111";

9 FUNCTION positive edge (SIGNAL s: STD_LOGIC) RETURN BOOLEAN;

10 END my package;

Ll s=smssossossosses e e s s e s s e s S e s S e S S e s S e s S e s S e =

12 PACKAGE BODY my package IS

13 FUNCTION positive edge(SIGNAL s: STD_LOGIC) RETURN BOOLEAN IS
14 BEGIN

15 RETURN (s'EVENT AND s='1"');

16 END positive edge;
17 END my package;

LIBRARY ieee;
USE ieee.std logic 1164.all;
USE work.my package.all;

ENTITY. ..

ARCHITECTURE. . .

A LU?ZK':.. w ramach Europejskiego Funduszu Spotecznego

Ay STRATECGIA SPOIRCSL

i KAPIT Projekt wspdffinansowany przez Unie Europejskg

UNIA EUROPEJSKA
EUROPEJSKI
FUNDUSZ SPOLECZNY




Uktady reprogramowalne i SoC 5

&l Komponent

« Komponent pozwala nam na zadeklarowanie elementu i
uzycie go jako czesci sktadowe] w kodzie VHDL

* Aby uzyC komponentu, nalezy go najpierw
zadeklarowac:

COMPONENT component name IS
PORT (
port name : signal mode signal_ type;
port name : signal mode signal_ type;
T I
END COMPONENT ;

« Uzycie komponentu:

label: component name PORT MAP (port list);

« Komponent mozna zadeklarowac zarowno
bezposrednio w kodzie VHDL, jak i w pakiecie

Projekt wspotfinansowany przez Unie Europejskag
KAP'TA“U DZK' w ramach Europejskiego Funduszu Spotecznego




Uktady reprogramowalne i SoC 6

il ooo==s File inverter.vhd: --—-—--—-———-—-——"——————— 1N S File nand 2.vhd: ---------=--———-———-—-

2 LIBRARY ieee; 2 LIBRARY ieee;

3 USE ieee.std logic_1164.all; 3 USE jeee.std logic_1164.all;

4 e e o

5 ENTITY inverter IS 5 ENTITY nand 2 IS

6 PORT (a: IN STD_LOGIC; b: OUT STD_LOGIC) ; 6 PORT (a, b: IN STD_LOGIC; c: OUT STD_LOGIC) ;

7 END inverter; 7 END nand 2;

8  m oo 8  mm e

9 ARCHITECTURE inverter OF inverter IS 9 ARCHITECTURE nand_2 OF nand 2 IS

10 BEGIN 10 BEGIN

11 b <= NOT a; 11 c <= NOT (a AND b);

12 END inverter; 12 END nand 2;

e Y D
il oo=e= File nand 3.vhd: --—\-—-——--—----——-————

2 LIBRARY ieee;
3 USE ieee.std logic_1164.all;

4 ____________________________________

5 ENTITY nand 3 IS

6 PORT (a, b, c: IN STD LOGIC; d: OUT STD_LOGIC) ;
7 END nand 3;

8 ____________________________________

9 ARCHITECTURE nand 3 OF nand 3 IS

10 BEGIN

11 d <= NOT (a AND b AND c) ;
12 END nand 3;
13 -~ - - - ———— - ———

KAPITAL LUDZKI *
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Uktady reprogramowalne i SoC 7

L o==== File project.vhd: --- - ————-——"—"---——————- LIBRARY

2 LIBRARY ijeee;

3 USE ieee.std logic 1164.all; COMPONENT

4 e - T - Inverter

5 ENTITY project IS —-{ ~O—

6 PORT (a, b, ¢, d: IN STD_LOGIC; N Main code

7 X, y: OUT STD LOGIC) ; -

8 END project; - COMPONENT Component
0 o e e Nand 2 Declarations
10 ARCHITECTURE structural OF project IS ] ): T > Component
11 - — Instantiations
12 COMPONENT inverter IS

13 PORT (a: IN STD_LOGIC; b: OUT STD_LOGIC) ; COMPONENT

14 END COMPONENT; Nand 3 /

15  —mmmmmmmme—eo e

16 COMPONENT nand 2 IS _}_

17 PORT (a, b: IN STD_LOGIC; c: OUT STD_LOGIC) ; —

18 END COMPONENT;

1Y mmmmmm=c===== 1

20 COMPONENT nand_3 IS

21 PORT (a, b, c: IN STD LOGIC; d: OUT STD_LOGIC) ; X
22 END COMPONENT ; b

S I

24 SIGNAL w: STD_LOGIC;

25 BEGIN

26 Ul: inverter PORT MAP (b, w);

27  U2: nand 2 PORT MAP (a, b, x); —DD—

28 U3: nand 3 PORT MAP (w, c, d, y); c

29 END structural; y
B d

AL LUDZKI w ramach Europejskiego Funduszu Spotecznego CURDUSZ SPOLECIHY
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Uktady reprogramowalne i SoC 8

Komponent w pakiecie

1 ===== File my components.vhd: --------------—- 1 -—--- File project.vhd: ---—--—-——---—--——————-
2 LIBRARY ijeee; 2 LIBRARY jeee;
3 USE ieee.std logic_1164.all; 3 USE ieee.std logic_1164.all;
4 - 4 USE work.my components.all;
5 PACKAGE my components IS ) coccosssosossssosssososssoosssoes
6  -—-——-— inverter: ------- 6 ENTITY project IS
7 COMPONENT inverter IS 7 PORT ( a, b, ¢, d: IN STD_LOGIC;
8 PORT (a: IN STD_LOGIC; b: OUT STD LOGIC) ; 8 X, y: OUT STD_LOGIC) ;
9 END COMPONENT ; 9 END project;
10  ----——- 2-input nand: --- 10 ——---—— e
11 COMPONENT nand 2 IS 11 ARCHITECTURE structural OF project IS
12 PORT (a, b: IN STD_LOGIC; c: OUT STD_ LOGIC) ; 12 SIGNAL w: STD LOGIC;
13 END COMPONENT ; 13 BEGIN
s oemm== 3-input nand: --- 14 Ul: inverter PORT MAP (b, w);
15 COMPONENT nand 3 IS 15 U2: nand 2 PORT MAP (a, b, x);
16 PORT (a, b, c: IN STD_LOGIC; d: OUT STD_LOGIC) ; 16 U3: nand 3 PORT MAP (w, c, d, y);
17 END COMPONENT ; 17 END structural;
1 somoooooooooooosooososo= 1 coooooosoosoosoos oo oo s o s SES SES S S DS DS =
19 END my components; LIBRARY
LA ettt ————————————— COMPONENT
a Inverter
X —{>o— .
Main code
b PACKAGE
COMPONENT
Nand_2 Component Component
:D)7 > Declarations |—T—P» Instantiations
_| b_ COMPONENT /
Nand_3
) y =D
d
Projekt wspétfinansowany przez Unie Europejskg unia euroresska TR
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Uktady reprogramowalne i SoC 9

« Sg dwa sposoby dotgczania portow komponentow do
sygnatow:

— Odwzorowanie pozycyjne

* sygnaty x oraz y odpowiadajg portom a oraz b

COMPONENT inverter IS
PORT (a: IN STD LOGIC; b: OUT STD_LOGIC) ;
END COMPONENT;

Ul inverter PORT MAP (x, y);

— Odwzorowanie przez nazwe
* podajemy nazwe kazdego portu, do ktorego dotgczamy sygnat
* mozemy takze zostawicC niepodtgczone porty

Ul: inverter PORT MAP (x=>a, y=>b);
U2: my circuit PORT MAP (x=>a, y=>b, w=>OPEN, z=>d);

Projekt wspotfinansowany przez Unie Europejskag uniaeuroresska IR
et B A8 w ramach Europejskiego Funduszu Spolecznego ~ que e




Uktady reprogramowalne i SoC 1 0

« GENERIC MAP stuzy do przekazania
parametrow do uzywane] ENTITY

* Musi wystgpic przed PORT MAP

* Mozliwe odwzorowanie pozycyjne lub
przez nazwe

label: compon name GENERIC MAP (param. list) PORT MAP (port list);

Projekt wspétfinansowany przez Unie Europejskg
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spotecznego




Uktady reprogramowalne i SoC

1?} Przykfad uzycia sparametryzowanego komponentu

11

15
16
17
18
19
20
21
22
23
24
25
26

File parity gen.vhd (component):
LIBRARY ieee;
USE ieee.std logic_1164.all;
ENTITY parity gen IS
GENERIC (n INTEGER := 7); —-- default is 7
PORT ( input: IN BIT VECTOR (n DOWNTO 0);
output: OUT BIT VECTOR (n+l DOWNTO 0)) ;
END parity gen;
ARCHITECTURE parity OF parity gen IS
BEGIN
PROCESS (input)
VARIABLE templ: BIT;
VARIABLE temp2: BIT VECTOR (output'RANGE) ;
BEGIN
templ := '0';
FOR i IN input'RANGE LOOP

templ := templ XOR input (i) ;
temp2 (1) := input(i);
END LOOP;

temp2 (output'HIGH) :=
output <= temp2;
END PROCESS;
END parity;

templ;

o= W N

5
6
7
8
9

11
12
13
14
15
16
17
18
19
20
21
22

File my code.vhd (actual project):
LIBRARY ieee;
USE ieee.std logic_1164.all;
ENTITY my code IS
GENERIC (n POSITIVE := 2);
PORT ( inp: IN BIT VECTOR (n DOWNTO O) ;
outp: OUT BIT VECTOR (n+l DOWNTO 0)) ;
END my code;

ARCHITECTURE my arch OF my code IS
COMPONENT parity gen IS
GENERIC (n POSITIVE) ;
PORT (input: IN BIT VECTOR (n DOWNTO 0) ;

-- 2 will overwrite 7

output: OUT BIT VECTOR (n+l DOWNTO 0)) ;

END COMPONENT ;

BEGIN

Cl: parity gen GENERIC MAP(n) PORT MAP (inp, outp);

END my arch;

ﬁ KAPITAL LUDZKI

Projekt wspotfinansowany przez Unie Europejskag
w ramach Europejskiego Funduszu Spotecznego
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Uktady reprogramowalne i SoC 1 2
o

P{FL Przyktad: ALU ztozone z komponentéw

a(7:0) _I_ Logi
b (7:0) 8

I E— Unit
Mux y (7:0)
N . .
Arithmetic
I
. Unit sel (3)
cin —
sel (3:0) I
sel Operation Function Unit
0000 y<=a Transfer a
0001 y <= a+l Increment a
0010 y<=a-1 Decrement a
0011 y<=b Transfer b Arithmetic
0100 y <= b+1 Increment b
0101 y <=b-1 Decrement b
0110 y <= a+b Add aandb
0111 y <= a+b+cin Add a and b with carry
1000 y<=NOTa Complement a
1001 y<=NOTb Complement b
1010 | y<=aANDbD AND
1011 y<=aORb OR Logic
1100 | y<=aNANDDb NAND
1101 | y<=aNORD NOR
1110 | y<=aXORb XOR
1111 | y<=a XNOR Db XNOR

Projekt wspotfinansowany przez Unie Europejskag uniaeuroresska IR
Kf"fLTMLHDZK' w ramach Europejskiego Funduszu Spotecznego o T
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Uktady reprogramowalne i SoC

& pr2ykiad: ALU ztozone z komponentow

2 LIBRARY ieee;
3 USE ieee.std logic_1164.all;
4 USE ieee.std logic unsigned.all;

25 END arith_unit;

1 --——-———- COMPONENT arith unit: -----

5 _________________________________________

6 ENTITY arith_unit IS

7 PORT ( a, b: IN STD_LOGIC_VECTOR (7 DOWNTO O0) ;
8 sel: IN STD LOGIC_VECTOR (2 DOWNTO O0) ;
9 cin: IN STD_LOGIC;

10 x: OUT STD_ LOGIC_VECTOR (7 DOWNTO 0)) ;
11 END arith unit;

12 oo o s s e s e s s s e s e S e s e s s e S e s s s s s s s s s

13 ARCHITECTURE arith unit OF arith unit IS

14 SIGNAL arith, logic: STD_LOGIC_VECTOR (7 DOWNTO O0) ;
15 BEGIN

16 WITH sel SELECT

17 X <= a WHEN "000",

18 a+l WHEN "O0O01",

19 a-1 WHEN "010",

20 b WHEN "O011",

21 b+l WHEN "100",

22 b-1 WHEN "101",

23 a+b WHEN "110",

24 a+b+cin WHEN OTHERS;

26 ———=—== === mmm oo

13

Ay STRATECGIA SPOIRCSL
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Uktady reprogramowalne i SoC

14

%) Przyktad: ALU ztoZzone z komponentow

1l =oems=e= COMPONENT logic_unit: --------------—---——-
2 LIBRARY ieee;

3 USE ieee.std logic_1164.all;

4 _________________________________________

5 ENTITY logic_unit IS

6 PORT ( a, b: IN STD _LOGIC_VECTOR (7 DOWNTO O0) ;
7 sel: IN STD LOGIC_VECTOR (2 DOWNTO O0) ;
8 x: OUT STD_LOGIC_VECTOR (7 DOWNTO 0)) ;
9 END logic_unit;

11 ARCHITECTURE logic_unit OF logic unit IS

12 BEGIN

13 WITH sel SELECT

14 x <= NOT a WHEN "000",

15 NOT b WHEN "001",

16 a AND b WHEN "010",

17 a OR b WHEN "O011",

18 a NAND b WHEN "100",

19 a NOR b WHEN "101",

20 a XOR b WHEN "110",

21 NOT (a XOR b) WHEN OTHERS;

22 END logic_unit;

S

COMPONENT mux:
LIBRARY ijeee;
USE ieee.std logic_1164.all;
ENTITY mux IS

PORT ( a, b: IN STD_LOGIC_VECTOR (7 DOWNTO O0) ;
sel: IN STD LOGIC;
x: OUT STD_LOGIC_VECTOR (7 DOWNTO 0)) ;

ARCHITECTURE mux OF mux IS
BEGIN
WITH sel SELECT
X <= a WHEN '0',
b WHEN OTHERS;
END mux;

ﬁ KAPITAL LUDZKI
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Uktady reprogramowalne i SoC

KB Przyktad: ALU ztozone z komponentow

15

Project ALU (main code):
LIBRARY ieee;
USE ieee.std logic_1164.all;
ENTITY alu IS

PORT ( a, b: IN STD_LOGIC_VECTOR(7 DOWNTO O) ;
cin: IN STD_ LOGIC;
sel: IN STD LOGIC_VECTOR (3 DOWNTO O) ;
y: OUT STD_LOGIC_VECTOR (7 DOWNTO 0)) ;

COMPONENT arith_pnit IS
PORT ( a, b: IN STD LOGIC_VECTOR (7 DOWNTO 0) ;
cin: IN STD LOGIC;
sel: IN STD LOGIC VECTOR (2 DOWNTO O0) ;
x: OUT STD LOGIC VECTOR (7 DOWNTO 0)) ;
END COMPONENT ;

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

COMPONENT logic_unit IS
PORT ( a, b: IN STD_LOGIC_VECTOR (7 DOWNTO O0) ;
sel: IN STD_LOGIC_VECTOR (2 DOWNTO O) ;
x: OUT STD_LOGIC VECTOR (7 DOWNTO 0)) ;
END COMPONENT ;
COMPONENT mux IS
PORT ( a, b: IN STD _LOGIC VECTOR (7 DOWNTO O0) ;
sel: IN STD LOGIC;
x: OUT STD_LOGIC VECTOR (7 DOWNTO 0)) ;
END COMPONENT ;

Ul: arith unit PORT MAP (a, b, cin, sel(2 DOWNTO 0), x1);

U2: logic_unit PORT MAP (a, b, sel(2 DOWNTO 0) , x2);

U3: mux PORT MAP (x1, x2, sel(3), y);
END alu;

Projekt wspotfinansowany przez Unie Europejskag
w ramach Europejskiego Funduszu Spotecznego
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Uktady reprogramowalne i SoC 1 6

&

LB Funkcie i procedury

* Funkcje | procedury sg wspolnie okreslane
mianem podprogramow

» Uzywajq instrukcji sekwencyjnych (IF, CASE
oraz LOOP)

« Gtownym celem stosowania funkcji i procedur
jest tworzenie bibliotek, aczkolwiek mogg one
byC réwniez uzywane na biezgco w
tworzonym kodzie.

Projekt wspétfinansowany przez Unie Europejskg
Kmralmuru DZK' w ramach Europejskiego Funduszu Spotecznego




Uktady reprogramowalne i SoC 1 7

* Funkcja jest czescig kodu sekwencyjnego

« Stuzy do rozwigzywania czesto spotykanych
problemow, takich jak konwersje typow, operacje
logiczne, obliczenia arytmetyczne, definiowanie
nowych operatorow

« Stosowanie funkcji skraca gtowny kod, powodujac
ze jest fatwiejszy do zrozumienia

 Definicja funkciji:

FUNCTION function name [<parameter list>] RETURN data_type IS
[declarations]

BEGIN
(sequential statements)

END function name;

<parameter list> = [CONSTANT] constant name: constant_type;
<parameter list> = SIGNAL signal name: signal type;

Projekt wspotfinansowany przez Unie Europejskag
KAP'TA“U DZK' w ramach Europejskiego Funduszu Spotecznego




Uktady reprogramowalne i SoC 1 8

« Parametry mogg byc¢ statymi lub sygnatami
* Typy parametrow mogg by¢ dowolne

— Nie nalezy umieszczac specyfikacji zakresow (RANGE,
TO/DOWNTO) w deklaracji parametrow

FUNCTION f1 (a, b: INTEGER; SIGNAL c: STD_LOGIC_VECTOR)
RETURN BOOLEAN IS

BEGIN
(sequential statements)

END f1;

* Funkcja jest wywotywana jako element wyrazenia.

« Wyrazenie moze wystepowac samodzielnie badz jako element
instrukcji (sekwencyjnej lub wspotbieznej)

X <= conv_integer(a); -- converts a to an integer
-- (expression appears by itself)
y <= maximum(a, b); -- returns the largest of a and b
-- (expression appears by itself)
IF x > maximum(a, b) ... -- compares x to the largest of a, b
-—- (expression associated to a
-- statement)

EUROPEJSKI

Projekt wspotfinansowany przez Unie Europejskag uniaeuroresska IR
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BwL Przyktady funkcji

Uktady reprogramowalne i SoC

—————— Functilonib od Ve e e e e e el S LS E
FUNCTION positive edge (SIGNAL s: STD_LOGIC) RETURN BOOLEAN IS

BEGIN
RETURN (s'EVENT AND s='1"');
END positive edge;
—————— Function call: ------—-—-—-—-—-—————————————————

IF positive_ edge (clk) THEN...

—————— Function body: -------------"-"-"-"—"—"—"—"—"—"—"—"---t
FUNCTION conv_integer (SIGNAL vector: STD_ LOGIC_VECTOR)
RETURN INTEGER IS
VARIABLE result: INTEGER RANGE 0 TO 2**vector'LENGTH-1;
BEGIN
IF (vector (vector'HIGH)='l') THEN result:=1;
ELSE result:=0;
END IF;
FOR i IN (vector'HIGH-1) DOWNTO (vector'LOW) LOOP
result:=result*2;
IF (vector(i)='1') THEN result:=result+l;
END IF;
END LOOP;
RETURN result;
END conv_integer;
—————— B GO NG N R e e Y aaa

y <= conv_integer(a);

KAPITAL LUDZKI

HARQDOWA STRATEGIA SPOMROAL
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Uktady reprogramowalne i SoC 20

* Funkcja moze byC umieszczona w pakiecie lub
gtownym kodzie (ENTITY lub ARCHITECTURE)

» Jezeli funkcja zdefiniowana jest w pakiecie, czesc
deklaracyjna zawiera deklaracje funkcji, a ciato

pakietu jej definicje

PACKAGE ~ ——> LIBRARY
(+ PACKAGE BODY)

FUNCTION /
PROCEDURE ARCHITECTURE

location (declarative part)
Main code
ENTITY

Projekt wspétfinansowany przez Unie Europejskg
KA?'TA“}," DZK' w ramach Europejskiego Funduszu Spotecznego




Uktady reprogramowalne i SoC

] e -
2 LIBRARY ieee;

3 USE ieee.std logic 1164.all;

4 = =
5 ENTITY dff IS

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

7 gq: OUT STD_ LOGIC) ;

8 END dff;

9 -
10 ARCHITECTURE my arch OF dff IS

1Ll sososssososososooosors s s e e DD e e

12 FUNCTION positive edge (SIGNAL s: STD_LOGIC)
13 RETURN BOOLEAN IS

14 BEGIN

15 RETURN s'EVENT AND s='1l';

16 END positive edge;

17 somemmmsososososooosorsssss s e e e e e e

18 BEGIN

19 PROCESS (clk, rst)

20 BEGIN

21 IF (rst='l') THEN q <= '0';

22 ELSIF positive_edge(clk) THEN q <= d;
23 END IF;

24 END PROCESS;

25 END my arch;

O I e

21

AL LUDZKI w ramach Europejskiego Funduszu Spotecznego
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Uktady reprogramowalne i SoC

2 LIBRARY jeee;
3 USE ieee.std logic 1164.all;

5 ENTITY dff IS

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

7 gq: OUT STD_ LOGIC) ;

8 FUNCTION positive_ edge (SIGNAL s: STD_ LOGIC)
9 RETURN BOOLEAN IS

10 BEGIN

11 RETURN s'EVENT AND s='1l';

12 END positive edge;

L3 ssmossossossossosses e e eSS eSS eSS eSS e

14 END dff;

15 commsomsomm o s s o e s o s S = S = S S S S S S S S S S S
16 ARCHITECTURE my arch OF dff IS

RO e e e C e C e C e C e C e e C e C e C e C e C
18 BEGIN

19 PROCESS (clk, rst)

20 BEGIN

21 IF (rst='l') THEN q <= '0';

22 ELSIF positive_edge(clk) THEN q <= d;
23 END IF;

24 END PROCESS;
25 END my arch;

22

Ay STRATECGIA SPOIRINL
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Uktady reprogramowalne i SoC

23

%712 Funkcja zdefiniowana w pakiecie

10
11
12
13
14
15

——————— Package:
LIBRARY ieee;
USE ieee.std logic_1164.all;
PACKAGE my package IS
FUNCTION positive edge (SIGNAL s: STD_LOGIC)
RETURN BOOLEAN;
END my package;
PACKAGE BODY my package IS
FUNCTION positive edge (SIGNAL s: STD_ LOGIC)
RETURN BOOLEAN IS
BEGIN
RETURN s'EVENT AND s='1';
END positive edge;
END my package;

il —ooso= Main code: ----—-—------—"—"—"—"—"—"—"————\——"—"———
2 LIBRARY ieee;

3 USE ieee.std logic_1l164.all;

4 USE work.my package.all;

D e e

6 ENTITY dff IS

7 PORT ( d, clk, rst: IN STD_LOGIC;
8 q: OUT STD_LOGIC) ;
9

END dff;
1) somcoosoossoossoossoosoossoosooosoossoes oo ==
11 ARCHITECTURE my arch OF dff IS
12 BEGIN
13 PROCESS (clk, rst)
14 BEGIN
15 IF (rst='l') THEN q <= '0';
16 ELSIF positive edge(clk) THEN g <= d;

17 END IF;

18 END PROCESS;

19 END my_arch;

20 ——-————— e -

ﬁ KAPITAEL LUDZKI

Projekt wspotfinansowany przez Unie Europejskag
w ramach Europejskiego Funduszu Spotecznego

UNIA EUROPEJSKA
EUROPEJSKI
FUNDUSZ SPOLECZNY




Uktady reprogramowalne i SoC 24

)3 Funkcja conv_integer()

1l ooss====s Package: -—--——--————————————————————
2 LIBRARY ieee;
3 USE ieee.std logic_1164.all;
4 e
5 PACKAGE my package IS
6 FUNCTION conv_integer (SIGNAL vector: STD_ LOGIC_ VECTOR)
7 RETURN INTEGER;
8 END my package;
9
10 PACKAGE BODY my package IS
11 FUNCTION conv_integer (SIGNAL vector: STD_ LOGIC_VECTOR)
12 RETURN INTEGER IS
13 VARIABLE result: INTEGER RANGE 0 TO 2**vector'LENGTH-1;
14 BEGIN
15 IF (vector(vector'HIGH)='l') THEN result:=1;
16 ELSE result:=0;
17 END IF; 1 - Main code: -——-——-—-———————————— o
18 FOR i IN (vector'HIGH-1) DOWNTO (vector'LOW) LOOP 2 LIBRARY ieee;
19 result:=result*2; 3 USE ieee.std logic_1164.all;
20 IF (vector(i)='1l') THEN result:=result+l; 4 USE work.my package.all;
21 END IF; B o e
22 END LOOP; 6 ENTITY conv_int2 IS
23 RETURN result; 7 PORT ( a: IN STD_LOGIC_VECTOR(0 TO 3);
24 END conv_integer; 8 y: OUT INTEGER RANGE 0 TO 15);
25 END my_package; 9 END conv_int2;
O I ittt et (0 S
11 ARCHITECTURE my arch OF conv_int2 IS
12 BEGIN
13 y <= conv_integer(a) ;
14 END my arch;
T
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fif"?: Przecigzony operator dodawania

1,  oooooooc P K ag O e e e e e e e e e
2 LIBRARY ieee;
3 USE ieee.std logic 1164.all;
4 e =
5 PACKAGE my package IS
6 FUNCTION "+" (a, b: STD_LOGIC_ VECTOR)
7 RETURN STD_ LOGIC_VECTOR;
8 END my package;
9 ______________________________________________
10 PACKAGE BODY my package IS
11 FUNCTION "+" (a, b: STD_LOGIC_VECTOR)
12 RETURN STD LOGIC VECTOR IS Lo Main code: ——--=—---—-------oo---oo-
13 VARIABLE result: 2 LIBRARY ieee;
14 STD_LOGIC_VECTOR (a'LEFT downto a'RIGHT); 2R st Kepale Ldetoadl
15 VARIABLE carry: STD_LOGIC; 4 USE work.my package.all;
16  BEGIN 5 TTTTTTTTTmTooTooomosoooooooooo———oooooooooee
17 carry := '0'; 6 ENTITY add bit IS
18 FOR i IN a'REVERSE RANGE LOOP 7 PORT ( a: IN STD_LOGIC_VECTOR (3 DOWNTO O0) ;
19 result (i) := a(i) XOR b(i) XOR carry; 8 y: OUT STD LOGIC VECTOR (3 DOWNTO 0)) ;
20 carry := (a(i) AND b(i)) OR 9 END add bit;
21 (a(i) AND carry) OR (b(i) AND carry) ; 10 --------mmmmoomm oo oo oo —mmm—oooo oo
22 END LOOP: 11 ARCHITECTURE my_arch OF add bit IS
23 RETURN result: 12 CONSTANT b: STD_LOGIC_VECTOR (3 DOWNTO 0) := "0011";
24 END "+"; 13 CONSTANT c: STD_LOGIC_VECTOR (3 DOWNTO 0) := "0110";
25 END my package; 14 BEGIN
26— mm e 15 y <=a + b + c; -- overloaded "+" operator
16 END my arch;
17 ==coossooossooossooosssooossooosssoosssoos = Sos
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Uktady reprogramowalne i SoC 26

1 ____________________________________________

2 LIBRARY ieee;

3 USE ieee.std logic_1l164.all;

4 _____________________________________________

5 ENTITY shift left IS

6 GENERIC (size: INTEGER := 4);

7 PORT ( a: IN STD_LOGIC_VECTOR(size—l DOWNTO O0) ;

8 X, y, z: OUT STD_LOGIC_VECTOR(size-1 DOWNTO 0)) ;
9 END shift left;

10 —-——-——--—— -

11 ARCHITECTURE behavior OF shift left IS

17 =essmcsscosssssssssssssssosssosssosssos =0

13 FUNCTION slar (argl: STD_LOGIC VECTOR; arg2: NATURAL)
14 RETURN STD_ LOGIC_ VECTOR IS

15 VARIABLE input: STD_LOGIC_VECTOR (size-1 DOWNTO 0) := argl;
16 CONSTANT size : INTEGER := argl'LENGTH;

17 VARIABLE copy: STD_LOGIC_VECTOR (size-1 DOWNTO 0)

18 := (OTHERS => argl (argl'RIGHT)) ;
19 VARIABLE result: STD_LOGIC_VECTOR (size-1 DOWNTO O0) ;
20 BEGIN

21 IF (arg2 >= size-1) THEN result := copy’

22 ELSE result := input(size-1l-arg2 DOWNTO 1) &

23 copy (arg2 DOWNTO O0) ;

24 END IF;

25 RETURN result;

26 END slar;

27 ——— e

28 BEGIN

29 x <= slar(a, 0);

30 y <= slar(a, 1);

31 z <= slar(a, 2);

32 END behavior;

55 ittt
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Mnozarka

1l =cooss=o== Package: -—-—-——-———-——————— - ————
2 LIBRARY ieee;
3 USE ieee.std logic_1l164.all;
4 USE ieee.std logic_arith.all;
5 _____________________________________________
6 PACKAGE pack IS
7 FUNCTION mult(a, b: UNSIGNED) RETURN UNSIGNED;
8 END pack;
9 _____________________________________________
10 PACKAGE BODY pack IS
11 FUNCTION mult(a, b: UNSIGNED) RETURN UNSIGNED IS
12 CONSTANT max: INTEGER := a'LENGTH + b'LENGTH - 1;
13 VARIABLE aa: UNSIGNED (max DOWNTO 0) :=
14 (max DOWNTO a'LENGTH => '0')
15 & a(a'LENGTH-1 DOWNTO O0) ;
16 VARIABLE prod: UNSIGNED (max DOWNTO 0) := (OTHERS => '0');
17 BEGIN
18 FOR i IN 0 TO b'LENGTH-1 LOOP Main code: -------------------------------oo-o-
19 IF (b(i)='1') THEN prod := prod + aa; 2 LIBRARY ieee;
20 END IF; 3 USE ieee.std logic_l1164.all;
21 aa := aa(max-1 DOWNTO 0) & '0'; 4 USE ieee.std logic_arith.all;
22 END LOOP; 5 USE work.pack.all;
23 RETURN prod; 6 --—----—--—m—ooo——oom—o oo
24 END mult; 7 ENTITY multiplier IS
25 END pack; 8 GENERIC (size: INTEGER := 4);
26— o o o e e 9 PORT ( a, b: IN UNSIGNED (size-1 DOWNTO 0) ;
10 y: OUT UNSIGNED (2*size-1 DOWNTO 0)) ;
11 END multiplier;
12 —— -
13 ARCHITECTURE behavior OF multiplier IS
14 BEGIN
15 y <= mult(a,lb);
16 END behavior;
17 ———— - e m—mm e m—mm—— e
Projekt wspotfinansowany przez Unie Europejskag A EURGPEISIA

KAPITAL LUDZKI | w ramach Europejskiego Funduszu Spotecznego FUNDUSZ SPOLECZNY




G=

* Procedury sg bardzo podobne do funkcji i majg ten sam

& PROCEDURE

Uktady reprogramowalne i SoC

podstawowy cel

* Procedura moze przekazac wiecej niz jedng wartosc¢

* Procedura moze mieC dowolng liczbe parametrow w trybie

PROCEDURE procedure name [<parameter list>] IS
[declarations]

BEGIN
(sequential statements)

END procedure name;

<parameter list> = [CONSTANT] constant name: mode type;
<parameter list> = SIGNAL signal name: mode type;
<parameter list> = VARIABLE variable name: mode type;

28

IN, OUT oraz INOUT, ktére mogg by¢ sygnatami, zmiennymi
lub statymi

« Dla parametrow wejsciowych domysinym trybem jest
CONSTANT, dla wyjsciowych (OUT i INOUT) VARIABLE

ﬁ KAPITAEL LUDZKI
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| (el

i PROCEDURE

* W przeciwienstwie do funkcji procedura moze
przyjmowac sygnaty jako argumenty

PROCEDURE my procedure ( a: IN BIT; SIGNAL b, c: IN BIT;
SIGNAL x: OUT BIT VECTOR (7 DOWNTO O0) ;
SIGNAL y: INOUT INTEGER RANGE 0 TO 99) IS
BEGIN

END my procedure;

* Wywotanie procedury moze byC samodzielng
iInstrukcjg

compute min max(inl, in2, 1n3, outl, out2);
-—- statement by itself
divide (dividend, divisor, quotient, remainder) ;
-—- statement by itself
IF (a>b) THEN compute min max(inl, in2, 1n3, outl, out2);
-- procedure call associated to another statement

EUROPEJSKI
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1 ______________________________________________________
2 LIBRARY ieee;

3 USE ieee.std logic_1l164.all;

4 ______________________________________________________
5 ENTITY min max IS

6 GENERIC (limit : INTEGER := 255);

7 PORT ( ena: IN BIT;

8 inpl, inp2: IN INTEGER RANGE 0 TO limit;

9 min _out, max out: OUT INTEGER RANGE 0 TO limit);
10 END min max;

11 - -
12 ARCHITECTURE my architecture OF min_max IS

13 =momcmoscsosssosssosssssss

14 PROCEDURE sort (SIGNAL inl, in2: IN INTEGER RANGE 0 TO limit;
15 SIGNAL min, max: OUT INTEGER RANGE 0 TO limit) IS
16 BEGIN

17 IF (inl > in2) THEN

18 max <= inl;

19 min <= in2;

20 ELSE

21 max <= in2;

22 min <= inl;

23 END IF;

24 END sort;

25 ————m— e —

26 BEGIN

27 PROCESS (ena,inpl, inp2)

28 BEGIN

29 IF (ena='l') THEN sort (inpl, inp2, min_out, max out);
30 END IF;

31 END PROCESS;

32 END my_architecture;
oottt sttt
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31

W& Procedura w pakiecie

1l coosooocooos Package:
2 LIBRARY ieee;
3 USE ieee.std logic_1164.all;

5 PACKAGE my package IS

6 CONSTANT limit: INTEGER := 255;
7 PROCEDURE sort (SIGNAL inl, in2:
8 SIGNAL min, max:
9 END my package;

IN INTEGER RANGE 0 TO limit;
OUT INTEGER RANGE 0 TO limit) ;

1) ==e=mmoscsosssosssosssosssosssosssoss
11 PACKAGE BODY my package IS
12 PROCEDURE sort (SIGNAL inl, in2: IN INTEGER RANGE 0 TO limit;
13 SIGNAL min, max: OUT INTEGER RANGE 0 TO limit) IS
14 BEGIN 1l =ossse=== Main code: --—---—---——--———————————————
15 IF (inl > in2) THEN 2 LIBRARY ieee;
16 max <= inl; 3 USE ieee.std logic 1164.all;
17 min <= in2; 4 USE work.my package.all;
18 ELSE S S
19 max <= in2; 6 ENTITY min_max IS
20 min <= inl; 7 GENERIC (limit: INTEGER := 255);
21 END IF; 8 PORT ( ena: IN BIT;
22 END sort; 9 inpl, inp2: IN INTEGER RANGE 0 TO limit;
23 END my_package; 10 min_out, max out: OUT INTEGER RANGE 0 TO limit);
24 —m=mmmmmm oo oo e e 11 END min_max;
12 ------——m e e
13 ARCHITECTURE my_ architecture OF min max IS
14 BEGIN
15 PROCESS (ena,inpl, inp2)
16 BEGIN
17 IF (ena='l') THEN sort (inpl, inp2, min_out, max out);
18 END IF;
19 END PROCESS;
20 END my_ architecture;
21, mmmcsssosssosssossoossoossoossoos s oo ssosssass
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| (el

Y

2 ASSERT

P

 ASSERT jest niesyntezowalng instrukcjg, stuzacg do
wypisywania komunikatow (np. na ekranie) gdy pojawig
sie problemy podczas symulacji

« Zaleznie od powagi problemu, symulacja moze zostac
zakonczona

ASSERT condition
[REPORT "message"]
[SEVERITY severity level];

« severity level moze mie¢C wartos¢ Note, Warning, Error
(domysnie) lub Failure

« Komunikat jest wypisywany, gdy warunek ma wartosc
FALSE

ASSERT a'LENGTH = b'LENGTH

REPORT "Error: vectors do not have same length!"
SEVERITY failure;
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 Konwersjado STD LOGIC _VEC
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OR

— Napisac funkcje konwertujgcg INTEGER do
STD LOGIC VECTOR o nazwie conv_std logic.

Przetestowac funkcije.
* Mnozarka liczb ze znakiem

— Napisac funkcje mnozacg operujacg na

argumentach typu SIGNED
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