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e Nyelvi szerkezetek:

— Konkurens,

— Szekvencialis utasitasok.
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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

¥—__A
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Felhasznalt irodalom:

. Pong P. Chu - FPGA Prototyping by VHDL Examples: Xilinx Spartan-3
— http://academic.csuohio.edu/chu p/rtl/fpga vhdl.html

. HosszU Gabor - Keresztes Péter: VHDL ALAPU RENDSZERTERVEZES (2012 ©
Szak kiadd)

— http://www.szak.hu/konyvek htm/vhdl.html

. Horvath — Harangozé - VHDL VHSIC HARDWARE DESCRIPTION LANGUAGE -
BME SEGEDLET (2006)

— http://www.fsz.bme.hu/~tom/vhdl/vhdl s.pdf

. Richard E. Haskell & Darrin M. Hanna - Introduction to Digital Design VHDL
(Digilent Inc.)

— http://digilentinc.com/Data/Textbooks/Intro Digital Design-Digilent-VHDL Online.pdf

Real Digital - A hands-on approach to digital design (Digilent Inc.)
— http://www.digilentinc.com/classroom/realdigital/
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VHDL Nyelvi szerkezetek

KONKURENS (EGYIDEJU)
UTASITASOK

¥—____A




—

Konkurens (egyideji) utasitasok

7)

e hozzarendeld (egyidejl) utasitas: , <=
e when-else: feltételes jelértékadas
e with-select (when): kivalaszto jelértékadas
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Konkurens (egyidejli) utasitasok

e A VHDL architektura BEGIN... END utasitasok kozotti

részén, de egyben minden szekvencialis process()
utasitason kivul van definialva.

e Jelek (signal) hozzarendelése parhuzamosan,
egyidejlleg torténik:

Y\ konkurens =

expl <= "1000"; parallel
Fracl <= '1'" & sw(l) & sw(0O) & "10101"; utasitasok
sign2 <= sw(7); > (hagyomanyos
signl <= '0'; nyelvektdl ez
_ ) ) kilonbozteti
e Signal hozzarendelés: , <=" ) meg)

¥—___A




- Feladat: VHDL modell .

készitése Xilinx Vivado segitséegével

e VHDL neve: ,box.vhd”
e Hasznaljon strukturalis VHDL modellt

entity box.vhd

S

Kérdés: Mit implemental a fenti box.vhd? ﬂ




2-1 MUX: s'tru'ktu;dlis modell

konkurens utasitasokkal (, <=,,)

-— 2-1 MUX logikai kapukkal architecture arch of mux2l is
library IEEE; signal aout : STD_LOGIC;
use IEEE.std_logic_1164.all; signal bout : STD_LOGIC;
entity mux21 1is signal nots : STD_LOGIC;
port ( begin N
a : in STD_LOGIC; aout <= nots and a; Lol
b : in STD_LOGIC; bout <= s and b; 33
s : in STD_LOGIC; ‘ e £ (s) > 8_ =
y : out STD_LOGIC nots <= HoLis); o ©
. y <= bout or aout; S @
) ; 4 - =
end mux21; end arch )
A ESRREEERRES ]
...... I .. tl . 2:{1
e ‘ - | mux [ Y
b [ H : b ——»
s[O—e 1;




4-1 MUX: viselkedési modell

when...else” szerkezettel

library ieee;
use jieee.std_logic_1164.all;

entity mux4_1_when 1is

port (
sel : in std_logic_vector (1l downto O0);
10, 11, 12, 13: in std_logic;
y_out : out std_logic );

end entity mux4_1_when;

architecture behav of mux4_1 whenis

begin
y_out <= 10 when sel = ”00” else )
il when sel = "01"” else Konk ideil
i2 when sel = ”10” else > ?]” ureTS (efy',f,’u)
i3 when sel = ”"11” else WhEn...eise Ltasitas
‘X"; ——unknown wvalue Y,

end behav ; I
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4-1 MUX: viselkedesi modell

Jwith...select” szerkezettel

library ieee;

use ieee.std_logic_1164.all;

entity mux4_1_withsel 1is

port (
sel : in std_logic_vector (1 downto 0);
10, 11, 12, 13: in std_logic;
y_out : out std_logic );

end entity mux4_1_withsel;

architecture behav of mux4 _withsel is
begin
with sel select N

y_out <= 10 when "00"”
y_out <= i1 when "01"”
y_out <= i2 when ”10” With-select utasitasok
y_out <= 13 when "11" i)

end architecture behav ;

Konkurens (egyidejd)
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4-1 MUX: strukturalis modell

konkurens utasitasokkal (,, <=,,)

library ieee;
use ieee.std_logic_1164.all;
entity mux4_1_struct 1is
port ( sel : in std_logic_vector(l downto 0);
10, 11, 12, 13: in std_logic;
y_out : out std_logic );
end entity mux4_1_struct;
architecture struct of mux4_1_struct is
signal not_sel_0, not_sel_1
signal 10_int, il_int, 12_int, 1i3_int
begin
not _sel 0 <= not sel (0);
not_sel 1 <= not sel(l);
10_int <= 10 and not_sel_1 and not_sel_0
il _int <= i1l and not_sel 1 and sel (0);
i2 int <= 12 and sel (1) and not _sel O
i3_int <= i3 and sel (1) and sel (0);

std_logic;
std_logic;

'

oo o o
Konkurens

~— St S SN

utasitasok

y_out <= 10_int or i1il_1int or 1Z2_int or i13_int;

end struct;

¥—____A




4-1 MUX: strukturalis modell

Testbench

(mux_4_ 1 stuct_tb.vhd)

library ieee;

use ieee.std_logic_1164.all;
entity mux4_1_struct_tb is
end entity mux4_1_struct_tb;

uut: mux_4 1 struct PORT MAP (

i0 => 10,

i1l => 11,

i2 => 12,

i3 => 13,

sel => sel,
y_out => y_out

) ;

begin

¥—____A

begin

—— Stimulus process
stim_proc: process

ns.
walt for 100 ns;
i0 <= '1'; 12 <= "'1";

wait for clock_period*10;

11 <= '0'; 13 <= '0";

wait for clock_period*10;

sel <= "00";

wait for clock_period*10;

sel <= "01";

wait for clock_period*10;

sel <= "10";

wait for clock_period*10;

sel <= "11";

wait for clock_period*10;

sel <= "00";

wait for clock_period*10;

Wait;
end process;
end;

—— hold reset state for 100
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VHDL Nyelvi szerkezetek

SORRENDI (SZEKVENCIALIS)
UTASITASOK
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VHDL Szekvencialis utasitasok

* Process() - folyamat

— If ... else -\

— Case .. when

— Ciklusok
* Loop
e FOoT Tisztdn szekvencialis

© , utasitasok (hasonldan a

e While

legtobb hagyomanyos
programozasi nyelvhez)

e Specidlis utasitéasok
— Next / Exit / Null
— Assert / Wait _/

..IIIl---___________._____--lllllllﬂl
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Process() - folyamat

e Onmagukban  szekvencidlis  programrészek, = amelyek
egymassal parhuzamosan futnak. Egy folyamat futasat
specialis utasitasokkal fel is fuggeszthetjiik, ilyenkor a
folyamat valamilyen esemény bekovetkezéséig varakozik.
[LL) KERESZTES HOSSZU]

~

[process_label: ]

process [ (signal_name{,..}|all)] [1is]
Tisztan sorrendi

] végrehajtas (nem
begin egyszerre, hanem

{sequential_statements egymas utan)

{process_declarative_item}

)
.
end process |[process_label];

¥—____A
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Process() - folyamat

e A folyamatok a torzsukben definialt utasitas sorozatokat
ciklikusan ismétlik. [Ldl KERESZTES HOSSZU]

e A specialis wait varakoztato utasitas hatasara azonban az
utasitassorozat vegrehajtasa leall, és a folyamat egészen
addig varakozik, amig valamilyen altalunk megadott

esemény be nem kévetkezik. llyen esemeény lehet:

— egy jel értékének megvaltozasa (sensitivity clause),

— valamilyen logikai feltétel teljesiilése (condition
clause), vagy

— megadott idétartam letelte (timeout clause).

¥—____A
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Process() - folyamat

Végrehajtas

start [EL) KERESZTES_HOSSZU]

Folyamat mikodése barmikor felfiggesztheto:
e PI. feltétel bekovetkezéséig (akar végtelen hosszu ideig)

Folyamat a kezdetektdl végig ,él”, futasa csak
felfUggeszthet6 (lasd. wait utasitasok)!

e Aktiv folyamat: éppen végrehajtas alatt levd, egyébként,
o felflUggesztett (varakoztatott — wait ...).

e Passziv/tétlen folyamat: nem rendel értéket a jelekhez (ritkdbb
eset).




Varakoztatasok - WAIT utasitasok

walt utasitas ::=
Wait [ sensitivity_clause ] [ condition_clause ]
[ timeout_clause ],

e [Sensitivity] wait on — jel értékének valtozasara varakozik

e [Condition] wait until — egy kifejezés értékének igazza valasara
varakozik

e [Timeout] wait for — egy adott ideig varakozik

Példa:

wait on a, b; —— ez fejezi ki a process () érzékenységi
listajaban varakozd jeleket.

wait until clock = ‘1’ and clock’event;

wait for 10 ns ;

wait for (a * (b+c));
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Példa: Process() érzékenységi listak
ekvivalens megadasi formai

Erzékenységi lista jelekkel

latch behavior

process
begin
if clk = '1l' then

g <= d after 2 ns;
end if;

wait on clk, d;

end process
latch _behavior;

latch_b§hévior : process

(clk, d) is
begin
if clk = '1l' then

g <= d after 2 ns;
end 1if;

end process
latch_behavior;

¥—____A
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élda: Process()

entity thermostat 1is

port (
desired_temp, actual_temp : 1in integer;
heater _on : out boolean );

end entity thermostat;
architecture example of thermostat 1is
begin
controller : process (desired_temp, actual_temp) 1s
begin
i1f actual_temp < desired_temp - 2 then
heater on <= true;
elsif actual_temp > desired_temp + 2 then
heater on <= false;
end 1if;
end process controller;
end architecture example;

¥—____A
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Feltételes utasitasok a VHDL-ben

e A.)If ... Else szerkezet,
e B.) Case utasitas
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A.) If - feltételes utasitas

[1f label:] 1f boolean_expression
then

{sequential_statements}
{elsif boolean_expression then

{sequential_statements}}
{else

{sequential_statements}}
end 1f; [1f label];

Megjegyzés: elsif /= else if!!!

...IIlI---____L______,____---lllllllﬁl
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Példa: If utasitas

1f en = '1' then
stored_value := data_1in;
end 1f;

1f sel = 0 then

result <= 1input_0; —— executed 1f sel = 0
else

result <= input_1; ——- executed if sel /= 0
end 1if;

B P
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If utasitas vs. konkurens értékadas

process (en, sel)

1f en = '0' then
s <= '72";
elsif sel = '0' then
s <= '0' after 10 ns;
else
s <= '1l'" after 10 ns;
end 1if;
end process;
\/s.
s <= 'Z' when en = '0' else
'0' after 10 ns when sel

'l]'" after 10 ns ;

VOV

else

l.IIlIll----____t_______._____---lllllllllal
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Case utasitas vs. konkurens ertéekadas

process
case alu function 1is
when alu _add | alu_incr =>

alu_result <= opl + op2;
when alu_sub =>
alu_result <= opl - op2;
when alu _and =>
alu_result <= opl and op2;
when alu or =>
alu_result <= opl or op2Z;
end case;
wait on alu function;
end process;

Vs.
with alu_function select
alu_result <= opl + op2 when alu_add | alu_incr,
opl - opZ2 when alu_sub,
opl and op2 when alu_and,

opl or op2 when alu_or; l
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Példa: If utasitas

type mode_type is (immediate, other_mode);

type opcode_type is (load, add, subtract,
other_opcode) ;

i1f mode = immediate then
operand := 1mmed_operand;
elsif opcode = load or opcode = add or opcode
= subtract then
operand := memory_operand;
else
operand := address_operand;
end 1if;

lIIIIIlll---._.___________.___._---lllllllll!ll




4:1 Multiplexer - If utasitassal

library ieee;

use ieee.std_logic_1164.all;

entity mux4_if is

port (
sel : in std_logic_vector (1l downto 0);
10, 11, 12, 13 : in std_logic;
y_out : out std_logic );

end entity mux4_if;

architecture behaviour of mux4 if 1is

~_ begin
mux_select : process (sel, 10, 11, 12, 13)
— begin
— 1if sel = ”00” then
y_out <= 1i0;
elsif sel = ”"01” then
y_out <= 1i1;
elsif sel = ”"10” then
y_out <= 12;
else
y_out <= 1i3;
— end 1if;

— end process mux_select;
— end architecture behaviour;

is
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B.) Case — feltételes utasitas

[case_label:] case expression 1S

(when choilces =>
{sequential_statements})

{...}

end case [case label];

cholces <= (simple_expression |
discrete_range | others){ | ...}

...IIlI---____L______,____---lllllll!l
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Példa: Case feltételes utasitas

type alu_func is (passl, pass2, add,

case func 1is
when passl =>

result := operandl;
when pass2 =>
result := operand?2;

when add =>

result := operandl + operand2;

when subtract =>

result := operandl - operandZ;

[ when others =>
result := null; ]
end case;

¥—___A

subtract) ;

Osszes lehetséges
esetet listazni kell =
all inclusive, de
mutually exclusive!
(azaz minden
esetet fel kell
sorolni, de kozottik
kolcsonos kizaras
vanl).
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Példa: Case feltételes utasitas

type opcodes is (nop, add, subtract, load, store,
Qfmp, Jjumpsub, brancE) halt);

Y

subtype control_transfer_opcodes is opcodes range jump to
branch;

variable opcode : opcodes;

case opcode 1is

when load | add | subtract =>
operand := memory_operand;

when store | jump | Jjumpsub | branch =>
operand := address_operand;

when others =>
operand := 0;

end case;

¥—____A




Példa: 4:1 Multiplexer case utasitassal

library ieee;

use ieee.std_logic_1164.all;

entity mux4_case 1is

port (
sel : in std_logic_vector (1 downto 0);
i0, i1, 12, 13 : in std_logic;
y_out : out std_logic );

end entity mux4_case;

architecture behav of mux4 case is

begin
mux_select : process (sel, 10, 11, 12, 13) 1is
begin
case sel is
when 00" =>
y_out <= i0;
when 01" =>
y_out <= 1i1;
when 710”7 =>

y_out <= 1i2;
when others =>
y_out <= 1i3;
end case;
end process mux_select;

end architecture behav ; g
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Null utasitas

type opcode_type 1is (nop, add, subtract);

case opcode 1is
when add =>
Acc := Acc + operand;
when subtract =>
Acc := Acc - operand;
when nop =>
null; —— semmilyen hatasa nincsen
end case;

....llllll----_________4____----lllllllll£l|
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Ciklusok a VHDL-ben

e A.) Loop: feltétel nélkdli ciklus
e B.) While: addig hajtodik végre, amig a feltétel
IGAZ (hamissa nem valik)

e C.) For: adott szamu iteraciot hajt végre, amig
a feltétel IGAZ (hamissa nem valik)
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A.) Loop (ciklus)

[loop_label:]
loop
{sequential_statement (s) }

end loop [loop_label];
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Példa: Loop utasitas

entity counter is
port
( clk : in std_logic; count : out natural );
end entity counter;
architecture behavior of counter is
begin
incrementer : process is
variable count_value : natural := 0;
begin
count <= count_value;
loop
wait until clk = '1"';
count_value := (count_value + 1) mod 16;
count <= count_value;
end loop;
end process incrementer;
end architecture behavior;

¥—____A
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B.) While ciklus

[loop_label:]

while boolean_expression loop
{sequential_statement (s) }

end loop [loop_label:];

while i1ndex > 0 loop

—-—... —— utasitas A: index értékét valtoztatjuk
end loop;
—-—... — utasitas B

..Illllll---____________4______---lllllll'lnl
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C.) For ciklus

[loop_label:]

for 1dentifier in discrete_range loop
{sequential_statement (s) }

end loop [loop_label];

for count_value in 0 to 127 loop
count out <= count_value; ——after 5 ns
wait for 5 ns;

end loop;

— DT
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Példa: For ciklus
for 1 1in 10 to 1 loop

——...ez sosem fog végrehajtddni!!

end loop;

for 1 1in 10 downto 1 loop

end loop; ——-OK: 1-—-

for 1 1in 1 to 10 loop

end loop; ——-OK: 1++

¥—____A
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EXIT utasitas: kilépés loop-bol

loop
1f condition then
exit;
end 1if;
Exit: Process()

end loop; folytatotdik az exit utani

— @ ——————————————————— utasitasokkal (kilép az
aktualis ciklusbol
loop )

exit when condition;
end loop;

..IlIlI---__________4______--lllllll5l
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Egymasba agyazott loop-ok:
Exit utasitassal

——outer : loop

—inner : loop

exit outer when conditionl; ——-kilépés outer loop-bdol
exit when conditionZ2; —--kilépés inner loop-bdl
— end loop inner;

-—— . . . — utasitéasok A
exit outer when condition3; ——-kilépés outer loop-bdl

—— end loop outer;
-— . . . — utasitasok B

¥—____A
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NEXT utasitas

[label:] next [loop_label] [when
boolean_expression];

next; ——feltétel és loop_cimke nélkil

next when condition; Next: lehet6vé teszi az aktualis
iteracio végrehajtasanak
leallitasat, és egyben a kovetkezd

next 1 OOp_l abel ; iteraciora ugrik.

next loop_label when condition;

..IIIIl---___________;_____---lllllllﬁl
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NEXT utasitas

loop loop
—— statement 1; —— statement 1;

next when condition; 1f not condition then
—— statement 2; —— statement 2;

end loop; end 1if;

end loop;




—

Assertion és report utasitasok

[label:] assert boolean_expression [report
expression] [severlity expression];

Amikor boolean expression hamis a report_expression
(karakterfuzér) keridl megjelenitésre,

ha pedig igaz a riport kifejezés nem jelenik meg (a szimulatorban).
A riport a szimulator Gzenet ablakaban lathato!
Allhat szekvencialis és mar konkurens™® utasitasrészen (is).

type severity_level 1is (note, warning, error,
failure) ;

assert 1initial value <= max_value;

*Assert a Vivado 2015.3 XSIM-ben: http://www.xilinx.com/support/answers/64138.html|




Példa: Assertion és report utasitas

assert packet_length /= 0 —— =0
report "empty network packet received"
severity warning;

assert clock_pulse_width >= min_clock_width
severity error; —— cpw < mcw

assert (last_position - first_position + 1)
= number of entries

report "1nconsistency 1n buffer model"
severity failure;

lIIIIIlll----_.___________.___._---lllllllllal
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—

Példa: Assertion és report utasitas

assert initial value <= max value ——init v >
max_ v

report "initial value too large";

assert current character >= '0' and
current character <= '9%! ——
current char<>{0..9}

report "Input number " & 1nput_string &
"contains a non—-digit";

assert free_memory >= low_water_limit

report "low on memory, about to start
garbage collect"

severity note;




( clock : in std_logic;
d_in : in real; d_out : out real );

end entity edge_triggered_register;
architecture check_timing of edge_triggered_register is
begin

store_and_check : process (clock) 1is
variable stored_value : real;
variable pulse_start : time;
begin
case clock is
when '1l' =>
pulse_start := now;
stored_value := d_in;
d_out <= stored_value;
when '0' =>
assert now = 0 ns or (now — pulse_start) >=

report "clock pulse too short,
severity warning;

end case;
end process store_and_check;

end architecture check_timing;

¥—___—A

Példa: assert, report

entity edge_triggered_register 1is

ns



—

Feladat 1.) Instance (példany) /Belsc’ijelek

(eql_bit_unit0) (eq0, eql)

Tervezzen egy 4-bit egyenloség - — s S
komparatort (eqd_bit_topvhd)a b ot of
mellékelt abra alapjan. LalOr} 0 e} .

|
- Megj: ,eql.vhd” entitasnal hasznaljaaz | A e Lo
EQ (xnor) operatort | :
|
|

- Terv megvalodsitasa torténhet eyl
a.) konkurens vagy HE
b.) szekvencidlis nyelvi szerkezetekkel |

- Példanyositsa az ,,eql” VHDL modult 4- L&
szer, és kosse 0ssze 6ket AND kapu [B(3}
segitségével a ,top-level” modul

szinten!
- Készitsen egy testbench-et!

- Szimuldlja le a viselkedését (Xilinx VHDL} ,
XSim)! Entitds név

 aeqb,

top_module
(eq4_bit_top.vhd)

- Implementalja FPGA-n a terveket (4- (eql.vhd)
4 kapcsolé/nyomogomb= a(i), és b(i)
bemenetre, ill. 1 LED-et a kimenet
megjelenitésére!

- Hasznalja a ZyBo master.xdc filet!

Példany név
(egl_bit_unitl..2..3)

Port nevek

¥—____A




. Megoldas 1./a.) ,,eq1l” VHDL modul

konkurens utasitasokkal

library ieee;
use ieee.std_logic_1164.all ;

entity egl 1is

port ( 10, 11: in std_logic;
eqg: out std_logic);

end eqgl;

architecture struct of egl 1is

begin . . Konkurens
eq <= 10 xnor 11; utasits(ok)

end struct;

¥—____A
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Megoldas 1./a) VHDL ,,eq4bit_top”

library ieee;
use ieee.std_logic_1164.all; (t0p-|EVE|)
entity eg4bit_top 1is

port ( a, b: in std_logic_vector (3 downto 0);

aegb : out std_logic);
end egdbit_top;

architecture structural of egdbit_top 1is
component eqgl
Port ( 10 : in STD_LOGIC;
il : in STD_LOGIC;
eq : out STD_LOGIC);
end component;
signal 0, el, e2, e3 : std_logic := '0';
begin
egql_bit_unit(0 : entity work.eqgl (struct)
port map (10=>a(0), 11=>b(0), eg=>e0);
egl_bit_unitl : entity work.eqgl (struct)
port map (10=>a(l), 11=>b(l), eg=>el);

egl_bit_unit3 : entity work.eqgl (struct)

port map (10=>a(3), 11=>b(3), eg=>e3);

aegb <= e0 and el and e2 and e3;
ctural;

Entitasok
példanyositasa port
hozzarendeléssel (map)

Simulation result:




Megoldas 1.) VHDL ,,eq4bit top tb”

fbrary IEEE; VHDL testbench
use IEEE.STD_LOGIC_1164.ALL;use
IEEE.STD_LOGIC_unsigned.ALL; -- + incremention -- Stimulus process
entity eq4bit_top_tbis stim_proc_for: process
-- Port (); begin
end eq4bit_top_tb; wait for 100 ns;
a_in <="0000";
architecture Behavioral of eq4bit_top_tb is b in<="1111"
wait for 20 ns;
COMPONENT eqg4bit_top
port ( a, b: in std_logic_vector (3 downto 0); forindexinOto (2**3 - 1) loop
aegb : out std_logic); --vagy (2**(a_in’lenght) -1)
END COMPONENT; a_in<=a_in+1;
wait for 20 ns;
signal a_in : std_logic_vector(3 downto 0) := (others =>'0'); b in<=b_in-1;
signal b_in : std_logic_vector(3 downto 0) := (others =>'0'); wait for 20 ns;
signal aeqb_res : std_logic; end loop;
wait;
begin end process stim_proc_for;
-- Instantiate the Unit Under Test (UUT)
uut: eq4bit_top PORT MAP ( end Behavioral;
a=>a_in,
b=>b_in, Megj.: a gerjesztési teszt
aegb =>aeqb_res vektorok for ciklus |

- segitségével lettek generalva.




- Feladat 2.) ;

Tervezzen egy 4-bit un. ,,nagysagrend” komparatort (név:

ynagncomp 4 bit.vhd”) entitas

Lehet alkalmazni a

a.) konkurrens vagy,
b.) szekvencidlis hozzarendel6 utasitasokat,

- Készitsen egy testbench-et VHDL-ben (rnagncomp 4 bit tb.vha)

¥—____A

Szimulalja le a viselkedését Xilinx XSim-ben

Implementalja a tervelek FPGA-n (a 4-4 kapcsolora-
nyomogombra rendre az a(i), és b(i), bemeneteket kotve). V

Végul hasznaljon 3 db LED-et un. gt_out, eq_out, |t_out
eredmeények megjelenitésére, amennyiben:

gt out: a_in ,greatherthan”b_1in
eq_out: a_in ,equalwith”"b_in
It out:a_in ,lessthan”b_in




- Feladat 2./a.) Megoldas I

4-bit komparator (pl. if..else)

entity magncomp_4_bit_seqg 1is
Port ( a_in : in STD_LOGIC_VECTOR (3 downto 0);
b_in : in STD_LOGIC_VECTOR (3 downto 0);
gt_out : out STD_LOGIC;
lt_out : out STD_LOGIC;
eq_out : out STD_LOGIC);
end magncomp_4_bit_seq;

architecture Behavioral of magncomp_4_bit_seqg 1is
begin

process (a_in, b_in) is —— bemeneti jelekre érzékeny process|()

begin
if a2 in = b_in then
gt_out <= '0'; lt_out <= '0'; eqg_out <=
elsif a in > b_in then
gt_out <= '1'; 1lt_out <= '0'; eqg out <=
else
gt_out <= '0'; lt_out <= '1l'; eqg out <=
end if;
end process;

end Behavioral; ﬂ

'1';

'O';

'O';




