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Strukturalis elemek

* Entity: interfész megadas

« Architecture: viselkedes, funkcionalitas leirasa
* Configuration: Architecture/Entity valasztas

* Package: fuggvenyek, tipus deklaraciok

* Library: leforditott VHDL objektumok
gyujtemeénye
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Entity

* Interfész megadas a modul és a kiilvilag kozott

BME-MIT /\N\

entity hadder is

port (
a, b: in std_logic;
S, CO: out std_logic
E

end hadder;
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Port tipusok

* INn
— Bemenet, csak olvashato
e out
— Kimenet, csak irhato (!)
buffer
— Kimenet, de olvashato, csak egy meghajto jel
Inout

— Keétiranyu port
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Architecture

* A tervimplementaciot tartalmazo blokk
 Egy Entity tartalmazhat tobb Architecture-t

— Entity portok elérhetok az 6sszes Architecture-bol
 Parhuzamosan végrehajtott utasitasokat tartalmaz

entity hadder is
port (
a, b: in std_logic; .........
)i
end hadder;

architecture rtl of hadder is
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Strukturalis leiras

A VHDL tamogatja a hierarchikus leirast, azaz a
komponensek ,,példanyositasat”

— Komponens deklaracio
— P¢ldanyositas (egyedi névvel)
— Port hozzarendeles

e név szerint
e sorrend szerint
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Komponens deklaracio

* Példanyositani kivant komponensek deklaracioja

architecture rtl of adder is

component hadder

port (
a, b: in std_logic;
S, co: out std_logic
)i

end component;
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Peldanyositas (1)

port(a, b, ci :in std_logic;
SO, CO : out std_logic);

architecture struct of adder is
--komponens deklaracio
signal c0, c1, sO : std_logic;

begin

hadder_0: hadder
port map(a, b, s0O, c0);

hader_1: hadder
port map(sO, c0, so, cl);

or_0: or2
port map(cO, cl1, co);
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Peldanyositas (2)

port(a, b, ci :in std_logic;
SO, CO : out std_logic);

architecture struct of adder is
--komponens deklaracio
signal c0, c1, sO : std_logic;

begin

hadder_0: hadder
port map(a=>a, b=>b, s=>s0, co=>c0);

hader_1: hadder
port map(a=>s0, b=>c0, s=>s0, co=>cl);

or_0: or2
port map(a=>c0, b=>cl1, o=>co);
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Peldanyositas (3)

port(a, b, ci :in std_logic;
SO, CO : out std_logic);

architecture struct of adder is
-- NINCS komponens deklardcio!!l
signal c0, c1, sO : std_logic;

begin

hadder_0: entity work.hadder(rtl)
port map(a=>a, b=>b, s=>s0, co=>c0);

hader_1: entity work.hadder(rtl)
port map(a=>s0, b=>c0, s=>s0, co=>cl);

or_0: entity work.or2(rtl)
port map(a=>c0, b=>cl1, o=>co);
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Package

« Package tartalmazhat:
— konstans deklaraciok
— tipus deklaraciok
— komponensek
— szubrutinok

« Felhasznalas Entity-ben:

package USER_PACK is

end USER_PACK;

use work.USER_PACK.all;
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Package pelda

library IEEE;
use IEEE.STD_LOGIC_1164.all;
package USER_PACK is

function MIN (a: integer; b: integer) return integer;
end USER_PACK;
package body USER_PACK is

function MIN( a: integer; b: integer) return integer is
begin

if (a<b) then return a;

else return b;

end if;
end MIN;

end USER_PACK;
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Library

 Minden leforditott objektum Library-be keriil
— package, entity, architecture, configuration

* Sajat objektumok: work library

 Standard library-k

* Felhasznalas:

library IEEE;
use IEEE.std_logic_1164.all;
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Megjegyzesek, konstansok

« Megjegyzeések
— -- egy Soros
— Nincs tobb soros
« Konstansok
— 1 bites: ‘0°, ‘1’
— Vektor
* Binaris: ,,00010010”

* Hexadecimalis: x”AB” (a konstans ¢s a valtozo
szelessége ugyanaz!!)

« CONV_STD LOGIC VECTOR(konstans, bitszam)

BME-MIT /\/\/‘

FPGA labor



Adattipusok

e Standard adattipusok
— boolean (true, false)
— bit (0, 1)
— 1nteger (platform fliggd, min. 32 bit)
— real (IebegOpontos, nem szintetizalhato)
— time

* Library-kben elére definialt adattipusok
— szintezisre: std logic 1164

« Sajat adattipusok

BME-MIT /\/\/‘

FPGA labor



Bit, Integer

 Bit tipus (csak 0, 1)

signal sb : bit;
signal sbv : bit_vector(3 downto 0);

Sb < = \OI;
sbv <= ,0000"; v. sbv <= x"A";

* Integer

signal si : integer range O to 15;

Sy S

e Szintézis utan ugyanaz (lehet) az eredmény
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Vektor valtozok

« Konkatenalas

— &: csak kifejezés jobb oldalan

* Csoportositas

_(’

, ,): kifejezés mindkét oldalan

 Kivalasztas

signal a2, b2, c2, d2: bit_vector(1 downto 0);
signal a4, b4, c4: bit_vector(3 downto 0);

a4 <= a2 & b2;

(c2, d2) <=,0101";

d2 <= b4(2 downto 1);

c4 <= (0=>"1', others=>'0");
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Time tipus

 Mértékegység: s, ps, ns, us, ms, sec, min, hr
e Szimulaciohoz, modellezéshez hasznalhato
— vegrehajtas kesleltetése
— fizikai késleltetesek modellezése
* Szorozhato és oszthato (eredmény: ‘time’):
— Integer
— real

BME-MIT /\/\/‘
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Time pelda

constant PERIOD : time := 5 ns;
begin
process
begin
wait for PERIOD;

end process;

CLK <= not CLK after PERIOD/2;
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|EEE std_logic

 std _ulogic, std_ulogic_vector, std_logic, std_logic_vector
o ¢értékek:

BME-MIT

" U ', nem inicializalt

- X 7, iIsmeretlen

0

1

- Z *, nagy impedancias

~W ', ismeretlen (gyenge meghajtas)
"L, gyenge O

"H ', gyenge 1

“-,don'tcare
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std_logic/std_ulogic

 Resolved/Unresolved

a<="'1l,
a <=b;

 Eredmeény:
— std _logic:a=1
— std_ulogic: ERROR
* Elvileg, de szintézer fiiggo!
e Szimulacio alapallapot: U (undefined)
* Ipariszabvany: std logic
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Aritmetikal muveletek

« std_logic_arith package

— signed €s unsigned adattipus
signal a : signed(7 downto 0);

— NEM tud miiveletet végezni std logic vector tipuson
c <= signed(a)*signed(b);

— signed/unsigned tipusokon nem lehet pl. logikai
miveleteket végezni

« std logic signed és std logic unsigned package
— std_logic package kiterjesztése
— NEM hasznalhato egyszerre a kettd (egy file-ban)
« Javasolt: std_logic_arith
— (de a ,,régebb1 kodok™ nagy része nem ezt hasznalja)
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|EEE signed package

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_signed.all;

entity mul is

port (
op_a, op_b :in std_logic_vector(17 downto 0);
res : out std_logic_vector(35 downto 0)

);

end mul;

architecture rtl of mul is

begin

res <= op_a * op_b;

end rtl;
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Tombok

e Elore definialt méretu

type arrayO is array (15 downto 0) of
std_logic_vector(7 downto 0);

signal m : arrayO;

 Deklaraciokor allithato méret

type arrayO is array (natural range <>) of
std_logic_vector(7 downto 0);

signal m : array0(15 downto 0);

* Index tipus lehet barmi, de tipikusan csak az integer
szintetizalhato
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Record

e ~struktura létrehozasa

type date_ris

record
year : std_logic_vector(15 downto 0);
month : std_logic_vector( 3 downto 0);
day : std_logic_vector( 4 downto 0);

end record;

signal dateO, datel, date2 : date_r;
date0 <= (x”"0000" , 00007 ,000007);

datel.year <= x"0000";
date2 <= datel;

e record eleme lehet record
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Egyedi tipusok

« Tipikusan allapotgépekhez
— jobban olvashato kod
— limitalt értékkészlet

type STATE_TYPE is (RED, GREEN, BLUE);

. Ertékadaskor, vizsgalatkor csak a definialt értékek
hasznalhatok

» Szintézerek tipikusan automatikus leképzést (definicio -
bitminta) valositanak meg

— De rogzitheto
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Logika1 operatorok

* Prioritas: not; and, or, nand, xor, xnor
* Vektor valtozokon bitenként hajtodnak végre

— Minden operandusnak ugyanolyan tipusunak ¢s méretlinek
kell lennie
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Relacios operatorok

% <o 2tk i
 Minden standard adattipusra definialt
« std_logic_vector
— std_logic_arith
— std_logic_signed/std_logic_unsigned package
* FElojeles valtozok!
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Aritmetikal operatorok

o +;-;%;*%* [. mod; abs; rem
* Elore definialt integer valtozokra
« std_logic_vector
— std_logic_arith
— std_logic_signed/std_logic_unsigned package
« NEM mindegyik szintetizalhato
— tipikusan: +, -, *
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Shift operatorok

e S|l srr
— logikai shiftelés
e sla, sra

— aritmetikai shiftelés

— az utolso bit shiftelodik be

— altalaban megkoteésekkel szintetizalhatod
* rol, ror

— rotalas

— a ,.kiesO” bit shiftelodik be

— altalaban megkoteésekkel szintetizalhatod
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Konkurrens utasitasok

« Architecture-on beliili egyszeri értékadasok

 Egymassal és a process-ekkel parhuzamos
kiértékelés
* Signal tipusu valtozonak adhatnak érteket

» A kifejezés bal oldala azonnal kiértékelodik ha a
jobb oldali valtozok megvaltoznak
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When

 Feltételes értékadas

— ERTEK: konstans vagy signal
« When - Else: ~IF - ELSE szerkezet

CEL <=ERTEK_O when FELTETEL_O else
ERTEK_1 when FELTETEL_1 else

ERTEK_N;

« With — When: ~CASE szerkezet

with VALTOZO select
CEL <= ERTEK_0 when KONSTANS_O,
ERTEK_1 when KONSTANS_ 1 | KONSTANS_ 2,

ERTEK_N when others:
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When (p¢lda)

res <= ,001" when (din=1) else
,010" when (din=2) else
,011" when (din=4) else
»100” when (din=8) else
»,000";

with din select
res <= ,001" when 1,
res <= ,010" when 2,
res <= ,011" when 4,
res <= ,100"” when 8,
res <= ,000” when others;
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Process

« Architecture-on beliill hasznalhato

» A process-ek egymassal (és a process-en Kivili
értékadasokkal) parhuzamosan hajtodnak végre

* A végrehajtast triggereli
— erzékenységi lista
— wait szerkezet
o Trhaté valtozok:
— signal
— variable (lokalis valtozo)
— (shared variable)
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Process

+ Erzékenységi lista:
— a process veégrehajtasa ennek teljestilesekor tortenik

— szinterzékeny, ¢lérzekeny

process(a,b)
begin

c <=aorb;
end process;

process(clk) process(clk)

begin begin

if (clk’'event and clk='1") then if rising_edge(clk) then
c <=aorb; Cc <= aorb;

end if; end if;

end process; end process;
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Szekvencialis kifejezesek

 If szerkezet (csak process-ben)
if FELTETEL then

» Case szerkezet (csak process-ben)

case KIFEJEZES is
when ERTEK_0 => .........
when ERTEK 1 => .........

when others => .........
end case;
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For ciklus (1)

Ciklus valtozo implicit deklaralva
Ciklusok szama fix
Variable: ,,szekvencialis” vegrehajtas, szintetizalhato

— konnyii (tal) komplex logikat leirni !!
— ,,Gondolkozz HW fejjel” !!

L2

4 dekoder

process(a)

begin

b <=,0000";

for Iin O to 3 loop
if (a=I) then

HER e <—=

end if;

end loop;

end process;
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BME-MIT

For ciklus (2)

« Hexa = decimalis atalakitas

* Osztas, modulo képzés nem mindig szintetizalhato

dec_10 <= hex_num/10;
dec_1 <= hex_num mod 10;

o Kis valtozoszélességre: ROM, VHDL koddal szamolva

process(hex_num)
variable dec_v : std_logic_vector(3 downto 0);
begin
dec_v := (others=>'0");
forIin 1 to 15 loop
if (hex_num = I) then
dec_v := CONV_STD_LOGIC_VECTOR((1I/10), 4);
end if;
dec_1 <= dec_v;
end loop;
end process;

v
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While ciklus

* Feltételtol fiiggo szamu ciklus végrehajtas
— feltétel fligghet valtozotol

* Tipikusan NEM szintetizalhato

* Szimulacioban hasznos

while FELTETEL loop

end loop;
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Walit

* Wait felfiiggeszti a process végrehajtasat a feltétel
teljesuleéséig
 NEM hasznalhato eérzekenysegi listaval egyiitt
* Feltetel:
— adott 1deig (szimulacid)

— jel ertekétol fliggden

process(clk) process
begin begin
if (clk’'event and clk="1") then Q <= D;
Q <=D; wait until clk="1"
end if; end process;
end prcess;

BME-MIT /\N\
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Variable

* Process-en beliil lokalis (kivéve shared)

« Azonnali értékadas (signal: a process lefutasa ,,utan”)
» Ertéke atadhaté signal-nak

+ Ertékét tartja a kovetkezo process ,,futasig”

* PL: tulcsordulas detekcio:

process(clk)
variable ovl : std_logic;
begin
ovl := not accu(34);
for IB in 35 to 46 loop
ovl := ovl or not accu(IB);
end loop;
ovl := ovl and accu(47);
accu_ovl_n <= ovl;
end process;
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Variable — signal (1)

process(clk)

begin

if rising_edge(clk) then
d<=a+ b;
e <=d + c;

end if;

end process;

[k =

1 D[T0] QI7.0] et T
e[7:0]

D[7:0] Q[7:0]
d[7:0]
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Variable — signal (2)

process(clk)

begin

begin
d:=a+ b;
e<=d+ c;

end if;

end process;

variable d : std_logic_vector(7 downto 0);

if rising_edge(clk) then

| clk

D[7:0]  Q[7:0]

e[7:0]
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Variable — signal (3)

process(clk)
variable d : std_logic_vector(7 downto 0);
begin
if rising_edge(clk) then
f <=d;
d := a + b; -- ERTKADAS SORREND!!
e<=d+ c;
end if;
end process;

T [ol = 7
?_._I.-” DI7:0]  Q[7-0] w— _._I.'-” DI7:0]  Q[70] - "D
d[7:0] f[7:0]
| C[7:0] =t — .
= DI7:0] Q7.0 Lﬁr—‘—. —F[T 0] ==
BME-MIT e[7:0]
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Parameterezhetd modulok (1)

Entity deklaracio

entity adder
generic(
DWIDTH : integer
)i
port(
a, b :in std logic_vector(DWIDTH-1 downto 0);
c : outstd logic_vector(DWIDTH downto 0)
)i
end adder;
architecture rtl of adder is
begin

c<= (0" &a)+ (‘0'&Db);

end rtl;
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Parameterezhetd modulok (2)

Példanyositas

adder_16: entity work.adder(rtl)
generic map(

DWIDTH => 16
)

port map(
a => in_data0,
b => in_datal,
c => out_data0
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Generate

 Architecture-en beliil

« Struktura ismetlése, tartalmazhat:
— Konkurrens értéekadas
— Process

— Példanyositas
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Generate pelda

e Pl.: cim dekoder

signal cs_int : std_logic_vector(15 downto 0);

GEN_CS_INT:
for ICS in O to 15 generate

cs_int(ICS) <= '1" when (cs='1’" and addr=ICS) else '0';
end generate;

 Eredmeény:
— 16 db komparator + 16 db ES kapu
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Process — Flip Flop

* Flip Flop: ¢élérzékeny D tarolo

process (clk)

begin

if (clk’'event and clk='1") then
Cc <= a and b;

end if;

end process;

process (clk) lele—=

begin !

if rising_edge(clk) then a1 )>——oo quo-—1c=>
Cc <= a and b;

end if;

end process;
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Process — Flip Flop

Szinkron reset

Aszinkron reset

process(clk)
begin
if (clk’event and clk="1") then
if (rst="1")
C <= \OI;
else
c <= a and b;
end if;
end if;
end process;

process(clk, rst)

begin
if (rst="1")
c <=0

elsif (clk’event and clk="'1") then
c <= aand b;

end if;

end process;

—>
_T>4————T—gm]qm—+——%32>

BME-MIT /\/\/\

FPGA labor



Process — Flip Flop

« Xilinx FPGA-kban a FF egy CLK bemenettel, két

alaphelyzet beallito jellel és egy CE orajel engedélyezo
bemenettel rendelkezik.

— Szinkron vezérlés: Minden jel kiértekeleése szinkron, ebben
az esetben €rvenyesites az orajel aktiv €lénél

process(clk)

begin

if (clk’'event and clk='1") then lelk—
if (rst="1") then

[set —
G N > S
elsif (set="1") then Ei: A *— D[0] QO] 1=
Lrst ==

CRSENN
else
Cc <= aand b;
end if;
end process;
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Process — Flip Flop

« Xilinx FPGA-kban a FF egy CLK bemenettel, két
alaphelyzet beallito jellel és egy CE orajel engedélyezo
bemenettel rendelkezik.

— Aszinkron vezérlés: A vezeérldjelek valtozasa azonnal
erveényre jut, prioritas a feliras sorrendjeben

el —
process(clk, rst, set) [ser— |
begin S
if (rst="1") then e SN Ly
C <= \OI;
elsif (set="1") then lrst—=
C <= \11;

elsif (clk’event and clk="1") then
c <= aand b;

end if;

end process;
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Process — kombinacios logikahoz

« Szemléletesen:
— A process esemeényvezerelt
— A bemenojelek barmely valtozasa ilyen esemeny

— Ennek hatasara az eljaras lefut, a kimenet
kiértékelddik

process (a, b)

begin
C <= a and b; g: ) e~

end process;
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Process — latch

 Latch tarolo termeészetesen szandékosan is
generalhato:

— Az enged¢lyezd ,,gate” bemenet magas ertcke
mellett a tarolo transzparens, mig a ,,gate” bemenet
alacsony ért¢ke mellett zart, tartja erteket.

process (g, a, b) lat

begin E;:} a2 gio 1=

if (g="1") then
c <= aandb; c

end if; 9

end process;
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Process — latch hiba

« A tipikus véletlen ,,Latch”
— Nem teljes “if” vagy ,,case” szerkezet

— Szintézer altalaban figyelmeztet

process(sel,in0, inl, in2)
begin
case sel is
when ,00"=> r <= in0;
when ,01"=>r <=in1;
when ,,10"=> r <= in2;
end case;
end process;

BME-MIT

process(sel,in0, inl, in2)

begin

if (sel=0) then
r <=in0;

elsif (sel=1) then
r<=inl;

elsif (sel=2) then
r<=in2;

end if;

end process;
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Egysz. értékadas — latch hiba

r <=1in0 when (sel=0) else
inl when (sel=1) else
in2 when (sel=2);

with sel select
r <=in0 when 0,
r <=inl when 1,
r <=in2 when 2;
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Process — helyes

* Helyes kod

process(sel,in0, inl, in2)

begin

case sel is
when ,00” =>r <=1in0;
when ,01" =>r <=inl;
when ,10” =>r <=in2;
when others => r <= X"

end case;

end process;

BME-MIT

process(sel,in0, inl, in2)
begin
if (sel=0) then

r <=1in0;

elsif (sel=1) then
r<=inl;

else
r<=1in2;

end if;

end process;
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Strukturalis leiras

* Hierarchia felepitése: modulok osszekapcsolasa

signal xor0 : std_logic;

xor_inst0 entity work.xor_m(rtl)

port map(i0=>in0, il=>inl, o=>xor0);
xor_instl entity work.xor_m(rtl)

port map(i0=>xor0, il=>in2, o=>r);

BME-MIT /\N

XOr_m
ino — 0 NS
in1 =11 °PBS ~PEE e
—ad i1
xor_instQ Xor_instl

| in2

FPGA labor



Strukturalis leiras - generate

* Hierarchia felepitése: modulok osszekapcsolasa

in_bus0(0) <= in0;
in_busl <=in2 &inl;

GEN_INST:
for Iin O to 1 generate
xor_inst entity work.xor_m(rtl)
port map(i0=>in_bus0(I), il=>in_bus1(I), o=>in_busO(I+1));
end generate;

r <= in_bus0(2);

Xor_m

ino ! i0 AL AL
in1 i °F= Sl e
= I1
Xor_inst0 xor_instl

| in2
BME-MIT
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Generate pelda

GEN_PPC_TO_PHY:
for IB in O to 4 generate
ddro: entity work.ddr_ff_o(SYN)

port map

(
aclr A0
datain_h => tx_data_phy(IB),
datain_| => tx_data_phy(5+IB),
outclock => tx_clk_phy,
dataout => GETXD_PIN(IB)

)

end generate;
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Példa — MUX (1.)

* Kiilonbozo leirasi stilusok a 2:1 multiplexerre

process(sel,in0, inl)
begin
case sel is
when ‘0’ =>r <= in0;
when 'l’ =>r <=inl;
end case;
end process;

process(sel,in0, inl)

begin
if (sel=1) then
r<=inl;
else
r <= in0;
end if;

end process;

in_b <=inl1 & in0;
r <= in_b(CONV_INTEGER(sel));

r <= inl when (sel='1") else
in0;
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Példa — MUX (2.)

« 4:1 multiplexer

(in0~=

in2

[1]

[sel[1:0]

[1]

inl

process(sel, in0, in1, in2, in3)

begin

case sel is
when ,,00” => r <= in0;
when , 01" => r <= inl;
when ,, 10" => r <= in2;
when ,, 11" => r <= in3;

end case;

end process;

[in3~=
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Ciklus pelda

process(lad, ip2bus_data_ar0)

variable ip2bus_data_v : std_logic_vector(31 downto 0);

begin

ip2bus_data_v := ip2bus_data_ar0(31 downto 0);

for IW in 1 to ARO_REGS-1 loop
if (lad(LOG2_CEIL(ARO_REGS)+1 downto 2)=IW) then

ip2bus_data_v := ip2bus_data_arO(IW*32+31 downto IW*32);

end if;

end loop;

din <= ip2bus_data_v;

end process;
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Pelda — 1 bites dsszeado

xor_Q0: entity work.xor3_m(rtl)
port map (i0=>a, il=>b, i2=>cin, 0=>5);
and_0: entity work.and2_m(rtl)
port map (i0=>a, il=>b, 0=>a0);
and_1: entity work.and2_m(rtl)
port map (i0=>a, il=>cin, o=>al);
and_2: entity work.and2_m(rtl)
port map (i0=>b, il=>cin, 0=>a2);
or_0: entity work.or3_m(rtl)
port map (i0=>a0, il=>al, i2=>a2, o=>cout);

S <= g xor b xor cin;
cout <= (a and b) or (a and cin) or (b and cin);

signal dbus : std_logic_vector(1 downto 0);
dbus<=a + b + cin;

s <= dbus(0);

cout <= dbus(1);
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Pelda — 4 bites 0sszeado

add0: entity work.add1_full(rtl)

port map (a=>a(0), b=>b(0), cin=>"'0’, cout=>cout(0), s=>s(0));
addl: entity work.add1_full(rtl)

port map (a=>a(1), b=>b(1), cin=>cout(0), cout=>cout(1), s=>s(1));
add2: entity work.add1_full(rtl)

port map (a=>a(2), b=>b(2), cin=>cout(1), cout=>cout(2), s=>s(2));
add3: entity work.add1_full(rtl)

port map (a=>a(3), b=>b(3), cin=>cout(2), cout=>s(4), s=>s(3));

a,b : in std_logic_vector(3 downto 0);
s : out std_logic_vector(4 downto 0);
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Példa — 4 bites 6sszeado, logikai op.
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Pelda — 4 bites 6sszeado, +
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Pelda: Shift regiszter

16 bites shift regiszter,
— A LUT4 SRL16 soros shiftregiszter kihasznalasara

clk, sh, din: in std_logic;
dout: out std_logic;

process (clk)
begin
if (clk’event and clk="1") then
if (sh="1") then
shr <= shr(14 downto 0) & din;
end if;
end if;
dout <= shr(15);
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Pelda: Szamlalo

* Szamlalo minta leiras | (i . i0a, dir : in std_logic

— Szinkron, 8 bites din: in std_logic_vector(7 downto 0),

dout: out std_logic_vector(7 downto 0);

— Szinkron RESET | ...

_ Toélthetd signal cntr_reg : std_logic_vector(7 downto 0);
— Engedélyezheto S S
— fel/le szamlalo if (clk’event and clk="1") then

if (rst="1") then
cntr_reg <= (others=>'0");

T elsif (ce="1")
* Megj: if (load="1") then
— ACE nagyobb cntr_reg <= din;
. \ elsif (dir="1") then
prioritasu, mint cntr_reg <= cntr_reg - 1;
a toltes, else
e cntr_reg <= cntr_reg + 1,
ez nem tipikus end if;
end if;
end if;

end process;

BME—MIT/\N\ dout <= cntr_reg;
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BME-MIT

GEN_OVL_N:

process(accu)

variable ovl : std_logic;

begin

ovl := not accu (65);

for IB in 66 to 77 loop
ovl := ovl or not accu(IB);

end loop;

ovl := ovl and accu (78);

accu_ovl_n <= ovl;

end process;

Redukci0s operator helyett. ..
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P¢lda

constant CONST_O : std_logic_vector(127 downto 0) := x"00000000000000000000000000000000";
constant cntl_1stage : integer := MAX(2, DIV_CEIL_2PWR(TAP, ADDER_INS));
constant cntl_stages : integer := GET_1CNT_STAGES(TAP, ADDER_INS);
type array_TAPdIN_by_TAPb is array (cntl_1stage-1 downto 0) of std_logic_vector(TAPb-1 downto 0);
type array_1lcnt_stages is array (cntl_stages-1 downto 0) of array_TAPdIN_by_TAPb;
signal one_cntr : array_1lcnt_stages;
GEN_1CNT_LO:
for IST in O to cntl_stages-1 generate
GEN_1cnt_O:
if (IST = 0) generate
process(clk)
variable cntr_regs : array_TAPdIN_by_TAPb;
begin
if (clk'event and clk="1") then
if (en="'1") then
for IR in O to cntl_1stage-1 loop
cntr_regs(IR) := CONST_O(TAPb-1 downto 0);
end loop;
for IB in O to TAP-1 loop
cntr_regs(IB/ADDER_INS) := cntr_regs(IB/ADDER_INS) + data(IB);
end loop;
for IR in O to cntl_1stage-1 loop
one_cntr(0)(IR) <= cntr_regs(IR);
end loop;
end if;
end if;
end process;
end generate;
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Példa

if ((IST = (cntl_stages-1)) AND (IST /= 0)) generate
process(clk)
begin
if (clk'event and clk="'1") then
if (en="'1") then
one_cntr(IST)(0) <= one_cntr(IST-1)(0) + one_cntr(IST-1)(1);
end if;
end if;
end process;
end generate;
GEN__1cnt_others:
if ((IST /= 0) AND (IST /= (cntl_stages-1))) generate
process(clk)
begin
if (clk'event and clk="'1") then
if (en="'1") then
for IR in O to DIV_CEIL(cntl1_1stage, (2**IST))-1 loop
one_cntr(IST)(IR) <= one_cntr(IST-1)(2*IR) + one_cntr(IST-1)(2*IR+1);
end loop;
end if;
end if;
end process;
end generate;
end generate;

res <= one_cntr(cntl_stages-1)(0);
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