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argyalt ismeretkorok
6. eloadas

e VHDL specialis nyelvi szerkezetek:
— A. generikus konstansok (generics),

— B. generalo strukturak (generate):
e Ciklikus , for .. generate” ,
e Feltételes ,,if .. generate” .

— C. Fuggvények (functions),
— D. Csomagok (packages),

e Sorrendi hal6zatok megvaldsitasa
— (Mealy, Moore)
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. Real Digital - A hands-on approach to digital design (Digilent Inc.)
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Altalunk haszndalt STD csomagok

Melyek szimulalhatok és szintetizalhatok is egyben:
 LIBRARY IEEE;
e USE IEEE.STD_LOGIC_1164.ALL;

—-—std_logic, std_logic_vector tamogatasa

e USE IEEE.NUMERIC_STD.ALL,

——aritmetikai operatorok tamogatasa
unsigned, signed tipusokon

e USE IEEE.STD_ILOGIC_UNSIGNED.ALL,;

—— 1nkrementalas tamogatasa std_logic_vector
tipusokon
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Megjegyzés

e Orajel vizsgalatanak ekvivalens megadasi

maodjai: —
if clk'event and clk = '1l' then rising_edge (clk)
if clk'event and clk = '0' then falling_ edge (clk)
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A. Generikus konstans
(generic) deklaracioja

entity 1dentifier 1is

[generic
(generic_1interface_list) ;]

[port (port_interface_1list);

end [entity] [i1dentifier];




Példa: Generic konstans(Tpd)

entity myand2 is generic alap érték: pl. fizikai
- . N‘ . 77 7
generic ( Tpd : time ); id6 tipus adott.

port (
a, b : in std_logic;
y : out std_logic);
end entity myand?Z;

architecture simple of myandZ2 1is
begin

Komponens

példanyositasakor adjuk meg:
az alap generikus konstans
erték felulirhato egy
megfelel6 generic  map()
megadasaval, és akar eltérhet
az értekuk is!!

y <= a and b after Tpd;
end architecture simple;

gatel : entity work.myand2 (simple
generic map ( Tpd => 2 ns )
port map ( a => sigl, b => sigZ?2, vy => sig_out );
gate?2 : entity work.myand2 (simpile)
generic map ( Tpd => 3 ns )
port map ( a => al, b => bl, vy => sigl );




—

N-bites Osszeadd: generic (N)
hasznalataval (korabbi példa kiegészitése)

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all; ——0sszeadashoz '+’ ez a csomag kell

entity gen_add_w_carry 1is

generic (N: integer :=4);
port ( a, b: in std_logic_vector (N-1 downto O0);
cout : out std_logic;

sum : out std_logic_vector (-1 downto 0)
end gen_add_w_carry ;

architecture arch of gen_add_w_carry 1is

signal a_ext, b_ext, sum_ext : unsigned(N downto O0) ; —— N+1 bit
begin

a_ext <= unsigned (‘0" & a);

b_ext <= unsigned('0’ & b);

sum_ext <= a_ext + Db_ext;

sum <= std_logic_vector (sum_ext (N-1 downto O0)) ;

cout <= sum_ext (N); —— a sum MSB bitje lesz a carry kimenet
end arch;

¥—____‘




Példa: Generic konstans

entity D_FF is

generic ( Tpd_clk_q, Tsu_d_clk,
Th _d_clk : time);

port ( clk, d : in std_logic;
g : out std_logic );

end entity D_FF;

architecture basic of D_FF 1is
begin
qg <= d after Tpd_clk_g when clk =
'l]'" and clk'event;
check_setup : process is
begin
wait until clk = '1"';
assert d'last _event >= Tsu d clk
report "setup violation";
end process check_setup;
check_hold : process is

begin
wait until clk'delayed(Th_d_clk) =
lll;
assert d'delayed'last_event >=
Th_d_clk

report "hold violation";
end process check_hold;

entity D _FF_testbench 1is
end entity D_FF_ testbench ;

architecture test of D _FF testbench 1is

signal system_clock, request,
request_pending : std_logic:= '0';
begin
request_flipflop : entity
work.D FF (basic)
generic map ( Tpd_clk_g => 4 ns,
Tsu_d_clk => 3 ns,
Th d clk => 1 ns )
port map ( clk => system_clock,
d => request,
g => request_pending);

clock_gen : system_clock <= '1l' after
10 ns, '0'" after 20 ns when
system_clock = '0"';

stimulus request <= '1' after 25 ns,

'0' after 35 ns,

']1'" after 67 ns, '0' after 71 ns,

'1]' after 108 ns, '0O' after 110.5 ns;
end architecture test;

end architecture basic; u




Paraméterezheto strukturak: generic

hasznalataval

entity reg is
generic (width : positive);

port ( T

d:in std_logic_vector (0 to width-1);

g:out std_logic_vector (0 to width-1);

clk, reset : in std_logic);
end entity regj;

architecture behavioral of reg 1is
begin
behavior : process (clk, reset) 1is
constant ZERO : std_logic_vector (0

to width-1) := (others => '0");
begin
if reset = 'l' then
q <= ZERO;
elsif rising edge (clk) then
q <= d;
end 1if;

end process behavior;
end architecture behavioral;

— T

reset std_logic
word_out :
c_vector (0 to 31);

state_reg : reg

reset =>VYreset);

subtype state_vector is
std_logic_vector(l to 5);

state_out

( width => 32

generic map ( width =>
state_vector'length )

port map (d => state_1in,

g => state_out,
clk => clk,
reset => reset

) ;

)
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B. Generalo strukturak
For ... generate struktura

generate_label:

for 1dentifiler in discrete_range
generate

[ {block declarative 1tem}
begin]
{concurrent statement (s) }

end generate [generate_label]

— P




For ... generate struktura

library ieee; begin
use ieee.std_logic_1164.all;
entity reg is cell array : for bit index in 0 to
generic ( width : positive ); width - 1 generate
port ( clock : in std_logic; signal data_unbuffered : std_logic;
out_enable : in std_logic; begin
data_in : in std_logic_vector (0 to cell storage : D_flipflop
width - 1); port map
data_out : out std_logic_vector (0 (clk => clock,
to width - 1) ); d => data_in (bit index),
end entity reg; g => data_unbuffered);
end generate cell_array;
architecture struct of reg is end architecture struct;
component D_flipflop is entity D _flipflop is
port ( clk : in std_logic; port ( d, clk : in std_logic; g : out
d : in std_logic; std_logic );
g : out std_logic ); end D_flipflop;
end component D_flipflop; arcl_litecture basic of D_flipflop is
begin
d_ff behavior : process (clk, d) is
begin
if clk = '1' then
g <= d after 2 ns;
end if;
end process d_ff_ behavior ;

end architecture basic; !




—

Példa: For ... generate struktura

architecture behavioral of graphics_engine is
type point is array (1 to 3) of real;
type transformation_matrix is array (1 to 3, 1 to 3) of real;
signal p, transformed_p : point;
signal a : transformation_matrix;
signal clock : std_logic;

begin

transform_stage : for 1 in 1 to 3 generate
begin
cross_product_transform : process 1is
variable resultl, result?2, result3 : real := 0.0;
begin
wait until clock = '1"';
transformed_p (i) <= result3;
result3 := resultZ; Pipe-line késleltetés (3 drajelig)
result2?2 := resultl;
resultl := a(i,1) * p(l) + a(i,2) * p(2) + a(i,3) * p(3);

end process cross_product_transform;
end generate transform_ stage;
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- For... Generate + VHDL-2008 I

redukciés operatorok ,,eq4bit_top” (korabbi pld)
library ieee;
use ieee.std_logic_1164.all;
entity eg4bit_top is
generic (N : integer := 4);
port ( a, b: in std_logic_vector (N-1 downto O0);

aegb : out std_logic);

end eg4dbit_top;

architecture structural of egdbit_top 1is Sources ablak > vhd forras

component eql - JObb gomb — listabol Set
Port ( 10 : in STD_LOGIC; File Type.. - VHDL-2008
il : in STD_LOGIC; kivalasztasa. OK.

eq : out STD_LOGIC);
end component;

signal e: std_logic_vector (N-1 downto 0) :=(others => '0');
begin
eqS : for 1 in 0 to N-1 generate

egl_unit : entity work.eqgl (struct)

port map (10=>a (1), 11=>b (1), eg=>e(1));

aegb <= and e; ——unary redukcids operator csak VHDL-2008-ban!
end structural;

¥—____A
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Feltételes If ... generate struktura

generate_label:

1f boolean_expression generate
[ {block declarative 1tem}
begin]

{concurrent statement}

end generate [generate_label]

— PV




Példa: feltételes If...generate

library ieee;
use ieee.std_logic_1164.all;
entity shift_reg is

port ( phil, phi2 : in

std_logic;

serial data_in : in
std_logic;

parallel_data : inout

std_logic_vector );
end entity shift_reg;

architecture cell level of
shift_reg is
alias normalized_parallel_data

std_logic_vector (0 to
parallel_data'length - 1)

is parallel_data;
component master_slave_flipflop

is
port ( phil, phi2 : in
std_logic;

d : in std_logic;
g : out std_logic );

end component
master_slave_flipflop;

begin
reg_array for index in
normalized_parallel_data'range generate
begin

first _cell
begin
cell : master_slave_flipflop
port map ( phil, phiZ2,
d => serial data_in,
q =>
normalized_parallel_data (index) );
end generate first_cell;

if index = 0 generate

other_cell if index /= 0 generate
begin
cell : master_slave_flipflop

port map ( phil, phiZ2,

d =>
normalized_parallel_data(index - 1),

q =>
normalized_parallel_data (index) );

end generate other_cell;
end generate reg_array;

end architecture cell level; I




Példa: N:=4-bites RCA aramkor beagyazott
yfor..generate [ if ... generate” strukturakkal

architecture GEN of RCA_4bit_gen 1is

component FULLADD
port (A,B,CIN : in std_logic;
SUM, CARRY : out std_logic);
end component;

component HALFADD
port (A,B : in std_logic;

SUM, CARRY : out std_logic);
end component;

signal C : std_logic_vector (0 to N-
1)

begin

 GEN_ADD: for I in 0 to N-1 generate

| LOWER_BIT: if I=0 generate

U0: HALFADD port map

(A(I),B(I),5(I),C(I));

~ end generate LOWER BIT;

UPPER_BITS: if I>0 generate
UX: F'ULLADD port map
(A(I),B(I),C(I-1),S(I),C(I));

end generate UPPER_BITS;

— end generate GEN_ADD;

COUT <= C(N-1);

end GEN; m




- Feladat 1.) ;

U1
Tervezzen egy N:=4-bites bindris szamlalét (counterN) a
mellékelt abra alapjan (counterN.vhd). el qin-1:00 -
- Megj: hasznaljon generikus konstanst N:=4, és szekvencidlis f
hozzarendel6 utasitasokat. Dolgozzon Uj projektben! - clr
- Hasznaljon aszinkron clr-t a szamlalé modul reset-elésére
(reset to ‘0’). counterN

- Ha clr =’0’, akkor inkrementalja 1-el a szamlalé g értékét a clk
orajel minden egyes felfutd élére. Enhez hasznalja a
IEEE.STD LOGIC unsigned.all; csomagot (inkrementalas

std logic vector tipusokon)!

- Készitsen egy testbench-et (,counterN tb.vhd”).

- Szimulalja le a viselkedését Vivado Simulator segitségével

- Implementalja a terveket FPGA-n. Hasznalja a CLK = 125 MHz
bemeneti orajelet a clk jelhez, a legjobboldalibb nyomogombot
az aszinkron clr (reset-hez), illetve az 6sszes LED-et a szamlalo
q aktualis értékének megjelenitéséhez!

Mit tapasztalunk ?!

¥—___A




Megoldas Feladat 1): N-bites szamlald generic
y hasznalataval (counterN.vhd)
ibrary IEEE;

use IEEE.STD_LOGIC_1164.all;
——use IEEE.NUMERIC_STD.ALL;

use IEEE.STD_LOGIC_unsigned.all; - IEEE package increment (+) counter
entity counterN is
generic (N : natural := 4);

port( clr : in STD_LOGIC;
clk : in STD_LOGIC;
g : out STD_LOGIC_VECTOR (N-1 downto 0) );
end counterN;

architecture RBehavioral of counterN is
signal count: STD_LOGIC_VECTOR (N-1 downto 0);

begin
process (clk, clr)
begin
if clr = '1l' then
count <= (others => '0'");
elsif clk'event and clk = 'l' then - hasonldan rising_edge (clk)
count <= count + 1;
end if;

end process;
g <= count;
end Behavioral;

¥—___—A




Megoldas Feladat 1): Szimulacio

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

ENTITY counterN_tb IS
generic (N: natural := 4);
END counterN_tb;

ARCHITECTURE behavior OF counterN_tb IS
—— Component Declaration for (UUT)

component counterN is
generic (N: natural := 4);
port (
clr : IN std_logic;
clk : IN std_logic;

q : OUT std_logic_vector (N-1 downto 0)

)/

end component;

——Inputs

signal clr : std_logic := '0';
signal clk : std_logic := '0';
——Outputs

signal q : std_logic_vector (N-1 downto 0);

—— Clock period definitions
constant clk_period : time := 8 ns;

end process;
_ END; d

begin

uut: entity work.counterN (Behavioral)
generic map (N => 4)

port map (
clr => clr,
clk => clk,
q=>49

);

—— Clock process definitions
clk_process :process

begin
clk <= '0';
wait for clk_period/2;
clk <= '1"';

wait for clk_period/2;
end process;

—— Stimulus process
stim_proc: process

begin
clr <= '1"';
wait for 100 ns;
clr <= '0"';
wait for clk_period*10000;
clr <= '1"';

wait for 1000 ns;
clr <= '0';
wait;




Megoldas Feladat 1): N-bites szamlald generic
hasznalataval (counterN tb.vhd)

il countertl.vhd X | B8 Untitled 1* X o

| 1 e
EEsSstwesesenanes
- I =

EEme
e e
e H— e HFII

A szamlalo g értékének kiiratasanal érdemes hexadecimalis alapot valasztani.
q(i) kijelolése, majd Radix kivalasztasa. Végil [+] busz jelek listazasa.
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Orajel frekvencia leosztasa

e f: bemeneti frekvencia (ZyBo @ 125 MHz —,,L6” FPGA lab) f

2i +1

* g(i): kimeneti szamitott frekvencia képlet alapjan: fz —

q(i) Frekvencia (Hz) Periddus (ms)
i 125000000.00 0.000008 14 3814.70 0.262144
D=1 0 62500000.00 0.000016 15 1907.35 0.524288
1 31250000.00 0.000032 16 953.67 1.048576
2 15625000.00 0.000064 17 476.84 2.097152
1 238.42 4.194304
3 7812500.00 0.000128 8 38 9430
19 119.21 8.388608
4 3906250.00 0.000256
20 59.60 16.777216
5 1953125.00 0.000512
21 29.80 33.554432
6 976562.50 0.001024
22 14.90 67.108864
7 488281.25 0.002048 53 745 134217728
8 244140.63 0.004096 24 373 563435456
10 61035.16 0.016384 D=27 26 0.93 1073.741824
11 30517.58 0.032768
12 15258.79 0.065536
13 7629.39 0.131072

¥—____A




. Feladat 2.) |

U1
Tervezzen egy Clock Divider, azaz orajel oszto | |
aramkort a mellékelt abra alapjan (,c 1kdiv.vhd”). smele ok _1hz |-
Dolgozzon Uj projektben!

- Megj: hasznaljon generic utasitast D:=27, és el r
szekvencidlis hozzarendel6 utasitasokat(s) b
- Hasznaljon aszinkron clr-t a clkdiv modul Reset-

elésére (reset to ‘0’). clkdiv

Készitsen egy testbench aramkort o ,
(,clkdiv_tb.vhd”) m Javaslat: Szimulacid soran

: . : , . : érdemes az D arameétert
- Szimulalja le a viselkedését (Vivado Simulator) kisebbre allitani (pl pD-= ~10)

- Implementalja a terveket FPGA-n hogy a szimulacids id6 rovidebb
- Hasznalja a CLK = 125 MHz bemeneti orajelet a legyen!
mclk jelhez, a legjobboldalibb nyomégombot az
aszinkron clr (reset-hez) és egy LED-et, amely
clk_1hz-enként (~1 Hz) vilagit. f
- Mi a korrekt értéke a kimenetnek? Az 1 Hz-es orajel f s = =093Hz =~ 1H=
szamitott értéke: > 27

¥—____A




Megoldas Feladat 2.): orajel oszto generic
| hasznalataval (clkdiv.vhd)
library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_unsigned.all; —— inkrementdlast +1 —-hez

entity clkdiv is

generic (D : natural := 27);
port ( mclk : in STD_LOGIC;
clr : in STD_LOGIC;
clk _1hz : out STD_LOGIC ) ;

end clkdiv;

architecture Behavioral of clkdiv is
signal g: STD_LOGIC_VECTOR (D-1 downto 0);
begin
process (mclk, clr) is
begin
if clr = '1l' then —— aszinkron reset
q <= (others => '0');
elsif rising _edge (mclk) then —- hasonldan lehetne (mclk'event and mclk = '1")
q <=qg + 1;
end 1if;
end process;
clk_1lhz <= g(D-1); —-—- o6rajel leosztasa - clk ~ 1 Hz (0.93 Hz)

end Behavioral;




M—

egoldas 2.): Orajel osztd generic
hasznalataval (clkdiv.vhd) — szimulaciés eredmény

e Javaslat: Szimulacios id6 csokkentése végett érdemes a D értékét példanyositaskor
kisebbre valasztva futtatni a tesztet (pl. D:=10). Ekkor csak kb. 130 us-ig kell futtatni!

wh cllkdiv.ovhd % | &0 counterM.vhd ¢ | & counterddiv_top.ogfd = | & counterddiv_top_tb.vhd % | B counterddiv_top_tb_behav.wcfg® = O
bl 127 065000 us
5
o 1§ btn v}

N I e e e Y N B S
Qc It mdlk 1
:.w: '.Mled[ml:l] i] ;'E::-:;: oz Koz ¥ oa ¥ s

& D 1010
N . B Y B

12 M 100
1% dk_period

L5 - B q[3:0] ooon
md | ™ count[3:0] 00ao
'ﬂf 1 dk_1hz_internal 1

f: input frekvencia (Digilent ZyBo @125 MHz)
q(i)=? Ha i:= 26 ( akkor D:= 27 bit)

Cf 125MHz 125000000z

= =0.93Hz ~ (1Hz
Jizas 7itl 277 134217728 e
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e Feladat 3.) ...,

Belsé jel

név
Tervezzen egy N:=4-bites szamlalot orajel oszté /
aramkorrel kiegészitve a mellékelt abra alapjan S B v ==
(,counterd4div_top.vhd”). ;] ey %

. . . ;. mclk 0> {melk cliChz | » ek qN-1:0) p led(3:0;
-Megj: hasznaljon generic konstans orajel btn(3) |,  btn@3), | \
leosztasahoz D:=27. Dolgozzon uj projektben! \

-Hasznaljon szekvencidlis hozzarendel - e, counth .

utasitasokat bine3:3) I / ' R

- Hasznadljon aszinkron reset-et (clr) az 6rajel /oo N

osztd reset-eléséhez (clkdiv to ‘0’). / counter4div_top /
Entitis Port név

Készitsen egy testbench-et és név

(,counterddiv_top_ tb”)szimuldljaa
viselkedést XSim-ben.
- Implementalja a terveket FPGA-n. Hasznalja a

) Megj.: Példanyosisa a ‘countN’ és
CLK = 125MHz bemeneti 6rajelet a mclk jelhez,

‘clkdiv’ komponenseket, melyeket

a legjobboldalibb nyomdégombot az aszinkron a korabbi Feladat 1.)-2.)-ben
clr (‘clr’ — btn), és LEDs(3:0)-t amely a szamlalo készitettiink el. K6sse 6ssze Gket a
aktiv értékét mutatja, amely ~1Hz-enként megfelel6 belsé jelekkel!

valtozik.

¥—___A




Megoldas 3.) N:=4-bites szamlalo orajel osztd

példanyositasok

aramkorrel kiegészitve (counteradiv_top.vhd)

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
entity counterddiv_top is

generic (D : natural := 10; N : natural := 4 );
port ( mclk: in std_logic;

btn : in std_logic;
led : out std_logic_vector (N-1 downto 0));
end counter4ddiv_top;

architecture Behavioral of counter4div_top is
signal clk_1lhz_internal : std_logic := '0';
component clkdiv is
port ( mclk : in STD_LOGIC;
clr : in STD_LOGIC;
clk_lhz : out STD_LOGIC);
end component clkdiv;
component counterN is
Port ( clk : in STD_LOGIC;
clr : in STD_LOGIC;
q : out STD_LOGIC_VECTOR (N-1 downto 0));
end component counterN;
begin
Ul : entity work.clkdiv (Behavioral)
generic map (D => 27) ——-allitsa a szimulacidohoz D => 10
port map (mclk => mclk, clr => btn, clk_1lhz => clk_1lhz_internal);
U2 : entity work.counterN(Behavioral)
generic map (N => 4)
port map (clk => clk_1lhz_internal, clr => btn, g => led);
end Behavioral;




—

C.) Fuggvény (function)

Az alprogramok csaladjaba tartozik. Mindig kozvetlenil egyetlen
értékkel tér vissza (return). Csak bemeneti (in) modd
paramétereket fogad el a paraméter listajaban. Egy fliggvényt
VHDL csomagban (package), felépitményben (architecture),

vagy folyamatban  (process) lehet megadni.

[KERESZTES_HOSSZU]

function designator [ ( formal_parameter_list ) |
return type_mark

¥—____A
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Példa: MaxVal Fuggvény

function MaxVal (a: in integer; b: in integer) return
integer 1is
begin
if (a >= b) then
return 3;
else
return Db;
end if;
end function MaxVal;




—

Példa: log2() fuggvény ver.1

library IEEE;
use IEEE.math real.all;

vagy
use IEEE.math real."ceil";

use IEEE.math_real."log2";
bit_width:= integer (ceil (log2 (real(a))));

,a’ értékétdl fliggden szadmitjuk ki a bitszélességet




Példa: log2() fuggvény ver.2

function fct_logZ2_vZ2(n : natural) return integer 1is
variable 1 : integer := 0;
variable value: integer := 1;
begin
if n = 0 then return 0O;
else
for 7] in 0 to 29 loop
if value >= n then null;

else
1 := 1+1;
value := value*2;
end if;
end loop;
return i;

end if;
end function fct_logZ2_ v2Z;

¥—____A
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Példa: log2() fuggvény ver.3

function fct_logZ2 v3(x : positive) return natural 1is

variable i1 : natural;
begin
1 := 0;
while (2**1 < x) and 1 < 31 loop
1 :=1 + 1;
end loop;

return 1i;
end function fct_log2_ v3;

Ekkor hasznalhato a kovetkezs a bitszélesseg megadashoz:
cnt : in std_logic_vector(fct_log2 v3(NUMBITS)-1 downto
0);

¥—____A
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D.) Csomag (Package)

Csomag megosztott, kozos épitéelemek, VHDL objektumok
tarolasara szolgal, melyek ujrafelhasznalasa kilonb6z6 VHDL

forrdsokban Ujra megtorténhet. [KERESZTES HOSSZU]
A csomag két részbdl all:
- Deklaracios rész (globalis nyilvanos informaciok)

- Torzs (lokalis informaciok)

¥—____A
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e J o

Csomag deklaracidja (Package)

package_declaration ::=
package 1dentifier 1is
package_declarative_part
end [package] [1dentifier];

package_declarative_1tem ::=
subprogram_declaration
type_declaration
subtype_declaration
constant _declaration
alias declaration

use clause

.IIllllll---__________________.---lllllllllgll
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Use Clauses (Package hasznalata)

use clause <= use selected name
{ , selected_name } ;

selected name <= name
(Ldentifier | character literal
| operator_symbol | all)




—

Példa: package hasznalata

use work.

use work.

variable

variable

P1l:

use leee.

¥—____A

data_types_pck.address;

data_types_pck.data;

data _word : data;

next address : address;

std_logic_1164.all;




—

Példa: csomagok

package data_types_pck is ——deklarativ részek
subtype address 1s std_logic_vector (24 downto 0);
subtype data is std_logic_vector (15 downto O0);

constant vector_ table loc : address;
function data_to_int (value : data) return integer;
function int_to_data(value : integer) return data;

end data_types_pck;

variable var : work.data_ types_pck.address;

Hivatkozas, hasznalat:
library work;

use work.data_types_pck.all;

¥—____A
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Csomag torzs (body)

package_body ::=

package body package_simple_name 1s
package_body_declarative_part

end [ package_simple_name ];

package_body_declarative_item ::=
subprogram_declaration
subprogram_body
type_declaration
subtype_declaration

constant declaration

alias declaration

use_clause

— e
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Példa: csomag torzse

package body data_types_pck 1is

constant vector table loc : address :=
X"FFFFOO";

function data to int (value : data) return
integer 1s

end data to 1int;

function int_to_data(value : i1integer) return
data 1s

end 1nt to data;

end data_types_pck;

¥—____A




Csomagban fuggvény: fct log2()

package sajat_pck 1is
function fct_log2(n : natural) return integer;
end sajat_pck;
—— csomag torzse, pl. fliggvények megvaldsitasa
package body sajat_pck is
function fct_log2(n : natural) return integer is
variable 1 : integer := 0;
variable value: integer := 1;
begin
if n = 0 then return 0;
else
for j in 0 to 29 loop
if value >= n then null;

else
1 = i+1;
value := value*2;
end if;
end loop;
return i;

end if;
end function fct_1logZ;
end sajat_pck;

¥—____A




Csomagban fuggveny:

package sajat_pck2 is
function fct_GT (opl, op2: in std_logic_vector) return std_logic;
function fct_LT (opl, op2: in std_logic_vector) return std_logic;
function fct_EQ (opl, op2: in std_logic_vector) return std_logic;
end sajat_pck?2;
—— csomag torzse, pl. filiggvények megvaldsitasa
package body sajat_pck2 is
function fct GT (opl, opZ2: in std_logic_vector) return std_logic is

begin
if (opl > op2) then return ’'1’; Bitszélességet nem, de a tipust meg
else return ’'0’; ke” adni!
end if;

end function fct_ GT ;
function fct_ LT (opl, opZ2: in std_logic_vector) return std_logic is
begin
if (opl < op2) then return ’'1’;
else return ’'0’;
end if;
end function fct LT ;

function fct_EQO (opl, opZ2: in std_logic_vector) return std_logic is
begin

if (opl = opZ2) then return ’'1’;

else return '0’;

end if;
end function fct_EQ ;

.end sajat-pck?2; m




Hasznalat: fUggvény , csomag

library IEEE;
use IEEE.STD_LOGIC_1164.ALL; :
use work.sajat_pck2.all; Csomag hasznalata.

entity comp_funct is
generic (N: positive := 4);
port ( op_a : in STD_LOGIC_VECTOR(N-1 downto 0);
op_b : in STD_LOGIC_VECTOR(N-1 downto 0);
res_gt : out STD_LOGIC;
res_lt : out STD_LOGIC;
res_eq : out STD_LOGIC
) ;

end comp_ funct;

architecture Behavioral of comp_funct 1is
begin
res_eq <= fct_EQ (op_a, op_b);
res_gt <= fct_GT (op_a, op_b);
res_lt <= fct_LT (op_a, op_Db); (csomagbal!)
end Behavioral;

¥—____A
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< IEEE 1076

VHDL Nyelvi szerkezetek

SORRENDI HALOZATOK
MEGVALOSITASA

— DT
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Sorrendi halézatok épitéelemei
(D-tarold miikodési madjai)

e Egyszeri D-FF / FlipFlop (enable és reset nélkiil) clk q*
architecture arch of d_ff is d q
begin 0 Q
process (clk)
begin > clk 1 q
if (clk’event and clk = "17) then

g <= d; _f d

end if ;
end process;
end arch;

e D-FF, aszinkron reset-tel (enable nélkiil)

architecture arch of d ff reset 1is
begin

reset ck g

process (clk, reset) is d q 1 - 0
begin
if (reset = '1l’) then :>Gm D D q
b e 0
elsif (clk’event and clk = '1’) then reset q
q <= d;
end if ; G -{ d

end process;

end arch;

¥—____A
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Sorrendi halozatok (tarolok)

e D-FF aszinkron reset-tel, és szinkon enable-vel

architecture arch

of d ff en 1is

begin
process (clk, reset, en) is
begin
if (reset then
<="0";
elsif (clk’event and clk = "1")
then
"17) then
q <= d;
end if ;

end process;
end arch;

en

B P

L

o O O O o

b by - o
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~Altalanos” sorrendi haldzat
(S.H.) felépitése

output

J logic

state_reg

output

nexi-state g
external logic

input

state_next S olk

clk

¥—____A
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Példa: D-FF szinkron engedélyezb

Tervezzen egy 1-bit D-FF a mellékelt
abranak megfeleléen
(,d_£f£f_en.vhd”).

Konkurens és szekvencidlis VHDL

utasitasok is hasznalhatdak

Legyen szinkron enable (en) jele,
amely az Odrajel felfuté élekor
engedélyezi annak mikodését.
Legyen aszinkron reset jele, mely
reset-eli a D-FF tartalmat

Ha(reset = ‘0’), és engedélyez6 (en =
‘1’) tarolja a d bemenet értékét a
d ff en az Odrajel felfutd élére,
mialatt a kimeneti érték kiolvashato.

- Készitsen testbench-et
(,d_ff_en_tb.vhd”)
- Szimulalja a viselkedését (Vivado Sim)

en
clk

reset

jellel

r_next

> clk

reset

r_reg

d ff en.vhd




Megoldas: D-FF

architecture behav of d_ff en is

signal r_reg, r_next: std_logic; d 1 7 r_next
begin 0 d 49

—— D FF > clk 149

en
process (clk, reset) clk resel
kNEgiJl reset
if (reset='1l') then
r reg <='0"; Milyen S.H. modell?

elsif (clk'event and clk='1"') then
r reg <= r_next;
end ]_f; Resource Utilization Available
FF 1
end process; o | -]
—— next-state logic

rr
r_next <= d when en ='1' else r_reg; =950
—— output logic 4= ©
4 ce
= o '3._
q <= r_reg; 15,
end behav; dn

FOCE
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Véges allapotu automata (FSM)

e Mealy State-Machine e Moore State-Machine
X1 — Z1 X1 71
X2 — Z2 §§ ? 72
X3 B Y(n+1) Y(n) — 23

| Combinational Combinational State Decode

Logic Logic Reg. Logic
Xn %Z" Xn— - o7n

‘ Y(n)
Y(n) Y(n+1)
3
State Q

Reg.
. Kombinalt modell

Mealy
output  p— Mealy

‘ logic output

d q
next-state | state_reg

input * logic state_next state
p > S ¥
register oore Moore
output outout
clk logic P

¥—_————A
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Alapvet

e ,One-hot” (1-es sulyu)

— Mindenegyes allapotban
1-es binaris suly, de

rr 4

O allapotkdadolasi modszerek

eltérd bit-pozicidon

S1
S2
S3
S4

<=

<=

<=

<=

"0001"
”0010"
70100"
”1000"

— Szélesebb allapot
regiszter kell

— Kénnyebb dekodolni.

¥—____A

e Binaris kodolas
— Mindenegyes allapothoz
egyedi allapot érték

tartozik
S1 <= "00”
S2 <= "Q1"
S3 <= "10"
S4 <= "11"”

— Kisebb méret( allapot
regiszter kell

— Nehezebb dekodolni.



a.) Mealy-féle allapotgép

type state_type is (stl_<name_state>,

st2_<name_state>, ...);
signal state, next_state : state_type;
signal <output>_1i : std_logic;

SYNC_PROC: process (<clock>)

begin
if (<clock>'event and <clock> =
'1'") then
if (<reset> = '1l') then
state <= stl_<name_state>;
<output> <= '0"';
else
state <= next_state;
<output> <= <output>_i;
end if;
end if;

end process;

NEXT_STATE_DECODE: process (state,

<inputl>, <input2>, ...)

OUTPUT_DECODE: process (state, <inputl>,

<input2>, ...)
begin
if (state = st3_<name> and <inputl>
= '1l"'") then
<output>_1 <= '1";
else
<output>_i <= '0"';
end if;

- end process; ﬂ

begin
next_state <= state;
case (state) is
when stl <name> =>

if <input_1> = '1' then
next_state <= st2_<name>;
end if;
when st2_<name> =>
if <input_2> = '1l' then
next_state <= st3_<name>;
end if;

when st3_<name> =>
next_state <= stl_ <name>;
when others =>
next_state <= stl_ <name>;
end case;
end process;

X1 — Z1
X2 ———Z2
X3 1z
Combinational
Logic
Xn % Zn
Y(n) Y(n+1)
State
Reg.




type state_type is

b.) Moore-féle allapotgép

(stl_<name_state>,

else
state <= next_state;
<output> <= <output>_i;
end if;
end if;
end process;

OUTPUT_DECODE: process (state) <«—_
begin
if state = st3_<name> then
<output>_1 <= '1";
else
<output>_i <= '0"';
end if;

| Kimenetek direkt médon mindig az
aktualis allapotoktol (state)
fliiggenek, de csak indirekt médon
fliggenek a bemenetektdl (inputs).

end process;

st2_<name_state>, ...); NEXT_STATE_DECODE: process (state,
<inputl>, <input2>, ...)
signal state, next_state state_type; begin
next_state <= state;
signal <output>_1i std_logic; case (state) is
when stl <name> =>
SYNC_PROC: process (<clock>) if <input_1> = '1' then
begin next state <= st2_<name>;
if (<clock>'event and <clock> = end if;
'1') then when st2 <name> =>
if (<reset> = 'l') then if <input_2> = '1l' then
state <= stl_<name_state>; next_state <= st3_<name>;
<output> <= '0"'; end if;

when st3 <name> =>
next state <= stl_<name>;
when others =>
next state <= stl_<name>;
end case;
end process;

X1
X2 71
X3 > z2
Y(n+1) Yn) ——z3
Combinational State Deco_de
Logic Reg. Logic
Xn ——> Zn
Y(n)
y4
N\




FSM abrazolasi modjai

= Allapot diagram

mo: Moore output
me: Mealy output l

state_name
mo <= value

logic expression / me <= value

to other state to other state

(me) Mealy kimenet : allapot atmeneten

(mo) Moore kimenet: allapotban (csucs)

logic expression / me <= value

.

mo:
me:

Moore output
Mealy output

= ASM diagram

,Algorithmic State Machine” chart

f state enfry

state / state box
name
mo <= value

exit to other ASM
block

¥—____A

exit to other ASM
block




—

Példa: FSM

e Adott a kovetkez6 allapotdiagram és / vagy ASM diagram

<
s0 i
y1<=1
f F
¢
T
' y0 <= 1
‘—
JLI | 321
e ]| |
Symbol: a’ = not (a) --a inverze
Feladat: Valdsitsa meg Mealy, ill. —T |

Moore automata modellként. | !

.......................




a.) Mealy modell

library ieee;
use ieee.std_logic_1164.all;
entity fsm_eg is

port (
clk, reset: in std_logic;
a, b: in std_logic;
v0, yl: out std_logic

) ;

end fsm_eg;

architecture mult_seg_arch of fsm _eg is

type eg_state_type is (s0, sl, s2);
signal state_reg, state_next:
eg_state_type;
begin
—— state register
process (clk, reset)
begin
if (reset='1"') then
state_reg <= s0;
elsif (clk'event and clk='1l') then
state_reg <= state_next;
end if;

end process;

process (state_reqg, a,b)
begin
case state_reg is
when s0 =>
if a='1"' then
if b='1"

then

state_next

else

state_next

end if;
else
state_next
end if;
when sl =>
if a='1' then
state_next
else
state_next
end if;
when s2 =>
state_next <=
end case;
end process;

—-— Mealy output logic
process (state_reg b)
begin

case state_reg is
when s0 =>
if (a='1') and
y0 <= "'1";
else
y0 <=
end if;
when sl |
y0 <=
end case;
end process;
end mult_seg_arch;

a,

lOl,.

s2 =>
lOl;

<=

s0;

(y0)

(b

<= s82;

<= sl;

— 1

1")

then




b.) Moore modell

library ieee;
use ieee.std_logic_1164.all;
entity fsm_eg is

port (
clk, reset: in std_logic;
a, b: in std_logic;
v0, yl: out std_logic

) ;

end fsm_eg;

architecture mult_seg_arch of fsm _eg is

type eg_state_type is (s0, sl, s2);
signal state_reg, state_next:
eg_state_type;
begin
—— state register
process (clk, reset)
begin
if (reset='1"') then
state_reg <= s0;
elsif (clk'event and clk='1l') then
state_reg <= state_next;
end if;

end process;

—-— next—-state logic
process (state_reg, a,b)
begin

case state_reg is
when s0 =>
if a='1' then
if b='1"' then
state_next
else
state_next
end if;
else
state_next <=
end if;
when sl =>
if (a='1') then
state_next <=
else
state_next <=
end if;
when s2 =>
state_next <=
end case;
end process;

—-— Moore output logic
process (state_req)
begin

case state_reg is

(y1)

when s0|sl =>
yl <= '17%;
when s2 =>
yl <= '0";

end case;
end process;

end mult_seg_arch;

s0;

<= s82;

<= sl;

sO;

s0;

sl;




