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Tuqua Wnelakwyv ZuoTtnratwy,
Mavenmompuo MNMelonmovvnoou
ABavaoiog NManadnuntpiov



Tt etvarn VHDL;

* Oplopog: VHDL onuaivelt VHSIC Hardware Description
Language. Eival pua yYAwooa npoypauaTtiopou JTou
XPTOLUOTTOLELTAL YA T HoVTEAOTTOINOoN Ynplakwyv
OUOTNUATWY O€ TTOANQITAQ €TTTEdA aalpeonc

* |otopia: AvantuxOnke tn dekaetia touv 1980 ywa to
Yrioupyeio Apuvag twyv H.I.A. yla TNV TeKunplwon mg
ouuTtepLpopdc Twv ASIC (OAOKANPWMUEVA KUKAWMATA
eOIKWYV gpapuoywv) kat Twyv FPGA

¢ Xpnomn: XpnOLOTIOLEITAL KUPLWCE YIa NAEKTPOVIKO
QUTOMATIOUO OXESLATMOU Yia TNV TepLypadn Pnelakwy
OUCTNUATWY OTTWCE TA OAOKANPWHEVA KUKAWMATA
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OL poAot ¢ VHDL otov oxediaouo Ynelakwy
OLOTNUATWYV

Simulation vs. Synthesis:

* Simulation: Xpnowuormoteitatl yia v emaiAndevomn tg
AOYIKNC KAl TNG 0pBoTNTAC TWV YNPLAKWY LOVTEAWV.
Mropel va MPoOooOUOLWOEL OAQ TA MEPN TNS YAWOOAC.

* Synthesis: Metatpernel tov kwdika VHDL og KUKAwpa
(rt.x. ASIC, FPGA). M6vo ol oUVOEOLUEG KATAOKEVEQ
WITOPOUV VA HETATPATIOUV OE€ UALKO

* Industry Applications: Napadetypata omou
xpnotpornoteitat VHDL, omwg TNAETIKOIWVWVLEG,
auTtoklvnToflounxavia, aEpodLACTNLKT] Kal
NAEKTPOVIKA €101 EVUPELAC KATAVAAWONG
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Eotlaon og ouvBéoiun VHDL

Synthesizable VHDL:

* Oploupog: YrnoouvoAo ¢ VHDL mou umopet va
LETAPPAOTEL ATEVOELlaC o€ UAKO.

* Synthesizable Constructs: [Neptypagpel povo Tig
SUVATOTNTEC TTOU ITOPOUV VA EPAPUOOCTOUV A0 TO UAIKO,
OTTWC AOYLKEC TTUAEC, KATAXWPNTES Kat BUPEC
elo0dou/eE0dov.

*  Non-Synthesizable: lNepAapBavel kaBuotepOELg
XPOVIOUOU, TIPONYHEVEC AELTOUPYLEC EL0OOOU/EEOOOU
apXElWV Kal OpLoEVOUC TUTToUG procedural Kwdlka rou
XPTOLUOTTOLOUVTAL LLOVO OE TIPOCOOLWOELC.
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Focus on Synthesizable VHDL - Example

port (A, B : in bit; Y : out bit);

Tentity AndGate 1is
end AndGate;

architecture Behavior of AndGate 1is
begin
T Y <= A and B;
end Behavior;

Qo Jo Ok Wk

1l Y <= A and B after |10 ns;

2xediaon Wnolokwy ZuoTnudaTtwy - ABavdaoiog MNatradnunTtpiou 5
Tunua WYnolokwyv 2Zuctnuatwy - MNavemmoTtiuio MNeAotrovvhcou
[ . 000909090900



Ripple Carry Adder

* [TA\NpNnc aBpolotn: 3 elcodot 2 e€odol
* |epapyikn oxedlaom Ue Xpnom VoG BacIKOU KUKAWMATOC

By Ay By  Ag
1A LBICn P
C
OLL FA ---u:C—2 FA ---u:C—1 FA - ()
Vs l l
S So

sO <= (A(0) xor B(0U)) =xor Cin;
cO <= (A(U) and B(U)) or (Cin and A(U)) or (Cin and B(0));
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1 1library IEEE;

2 use IEEE.STD LOGIC 1164.ALL;

3

4 Eentity RippleCarryAdder is

5 Port ( A : in STD LOGIC VECTOR(! downto 0);
6 B : in STD LOGIC VECTOR(! downto 0);
7 Cin : in STD LOGIC;

8 Sum : out STD LOGIC VECTOR(l downto 0);
O - Cout : out STD LOGIC) ;
10 'end RippleCarryAdder;
11

12 Tarchitecture Behavioral of RippleCarryAdder is

13 signal s0, cO0, cl: STD LOGIC;

14 obegin

15 —— Full adder for bit O

16 sO0 <= (A(0) xor B(0U)) =xor Cin;

17 cO <= (A(0U) and B(0)) or (Cin and A(0)) or (Cin and B(0));
18

19 S <= A XOR B XOR Cin ;

20 cO <= (A AND B) OR (Cin AND A) OR (Cin AND B) ;

21

22 —— Full adder for bit 1

23 sO0(l) <= (A(l) xor B(l)) xor cO;

24 cl <= (A(!) and B(!)) or (Cin and A(l)) or (CO and B(l));
25

26 —— Output assignments

277 Sum(0) <= s0;

28 Cout <= cl;

29

30 ‘'end Behavioral;
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library IEEE;
use IEEE. STD_LOGI C_'_I 164 .ALL;

Hentity RippleCarryAdder tb is 39
— Th%s testbench entity does not need any ports. 40 —_ Stimulus process to apply test vectors
~end RippleCarryRdder tb; 11 process
Claxchitecture sim of RippleCarryidder tb is L begin _
-— Component Declaration for the Unit Under Test (UUT) 13 o Tes?_case 1 o . )
= component RippleCarryAdder 44 A<= "00"; B <= "00"; Cin <= "07;
E Port ( 45 wait for 10 ns;
A : in STD LOGIC VECTOR(. downto 0); 46
B : in STD LOGIC VECTCR(. downto 0); 47 -— Test case 2
Cin : in STD LOGIC; 47 A<= "01"; B <= "01"; Cin <= "0"';
Sum out STD_LOGIC_VECTOR[L downto 0} ; 4G wait for 0 ns;
Cout cut STD LOGIC 50
B ): 51 -- Test case 3
- end component; 5o L <= "10": B <= "11"; Cin <= '1";
Inputs 53 wait for 10 ns;
signal 2 : STD LOGIC VECTOR{ downte ) := (others => "0'); .
signal B : STD LOGIC VECTOR(l downto () := (others => '0'); 22 —— Test case 4 _ )
signal Cin : STD LOGIC := '0'; 56 A<= "11"; B<= "11l"; Cin <= "0";
- 57 wait for 10 ns;
—-- Outputs 58
signal Sum STD LOGIC VECTOR(. downto 0); 59 —— Add more test cases as reqguired
signal Cout STD LOGIC; al
61 —— Complete the simulation
—— Instantiate the Unit Under Test (UUT) 62 wait;
begin 5 i .
uut: RippleCarryhdder zi Lend zﬁi;prccess,
= Port map ( 65
L =>1,
B => B,
Cin => Cin,
Sum => Sum,
Cout => Cout
- ):
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Majority - LUT

> Qutputis 1 if 2 out of 3 inputs are equal to 1, otherwise O

X v z outl
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
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1 library IEEE;

P use IEEE.STD_LOGIC_1164 JALL;

3

4 entity Majority LUT is

5 Port |

(3] X : in STD LOGIC VECTOR (2 downto [);
7 outl : out STD LOGIC

8 ) ;

9 end Majority LUT;

10

11 architecture Behavioral of Majority LUT is
12 begin

13 g process (x)

14 begin

15 H case (%) is

16 when "000" =» outl <= "0';

17 when "001" => outl <= "0';

18 when "010" =» outl <= "0';

19 when "011" => outl <= "1';
20 when "100" =» outl <= "0';
21 when "101" => outl <= "1';
22 when "110" =» outl <= "1';
23 when "111" => outl <= "1';
24 when others => outl <= '0'; —- Covers any unexpected cases
25 = end case;
26 - end process;
27 Lend Behavioral:
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Testbench - Majority - LUT
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library IEEE;
use IEEE.STD_LOGIC_llGé.BLL;

Hentity Majority LUT tb is
—— Testbench has no ports
-end Majority LUT tb;

Harchitecture sim of Majority LUT tb is

= component Majority LUT
E Port (

X @ in STD LOGIC;

y : in STD LOGIC;

z : in STD LOGIC;

outl : out STD LOGIC
B ) ;

= end component;

—— Inputs

signal x : STD LOGIC
signal y : STD LOGIC
signal z : STD LOGIC := '0';

—— Dutputs
signal outl : S5TD LOGIC;

—— Instantiate the Unit Under Test

begin
= uut: Majority LUT Port map (
X => X,
y => vy,
z =» zZ,

outl => outl

—— Component Declaration for the Unit Under Test

(UUT)

35
36
37
38
35
40
41
42
43
-=
45
46
47
45
49
50
51
52
53

—— Complete the simulation
wait;

- end process;

Lend sim;
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—— Stimulus process to apply test
El Process

begin
—— Apply test cases
¥ <= "0"; Y <= Ntyoz o= "0";
X<="0";y y<="0";y 2z «="1";
x<= "0"; yeg= "1"; z €= "0";
x<= "0'"; y<= "1"; z <= "1";
<= "1"; y=<= "0";y z <= "0";
x<="1"; ye="0";y z €= "1";
x<= "1"; y<= "1"; z <= "0";
x<="1"; y<="1"; z <= "1";

wvectors

wait
wait
wait
wait
wait
wait
wait
wait

for

for

for °

for

for |

for
for
for

0 ns;
10 ns;
0 ns;
10 ns;
0 ns;
10 ns:
10 ns;
10 ns;
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0 0 0 4]

0 0 1 0

0 1 0 a

0 1 1 1

1 0 0 4]

1 0 1 1

EAaxioTépol 1 1 5 1
X y z | Opo¢ Ovopacia 1 1 1 1
0 0 0 Xy'z mg
0 0 1 X'y'z m, yz , y q
0 1 0 X'yz' m, ¥ 00 01 11 10
0 1 1 xX'yz ms o N | —
1 0 0 Xy'z’ m; m i ms o olxyz' | x'v'z | x'yz x'yz
1 0 1 Xy'z ms
1 1 0 74 Mg my ms msy me x 11| 'z | vz Xyz xyz'
1 1 1 Xyz m;
Z
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Majority - Boolean

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity Majority is
E Port | outl
X : in STD LOGIC; 0
y @ in STD LOGIC;
z : in S5TD LOGIC; 0
outl : out STD LOGIC
£ ) : 0
end Majority; ;
architecture Behavioral of Majority is 0
begin
—— OQutput is '1' if two or more inputs are '1! 1
outl <= (x AND y) OR (y AND z) OR (z AND x);
end Behavioral; 1
1
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Majority — Boolean - Testbench
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library IEEE;
use IEEE.STD LOGIC 1164.ALL;

Hentity Majority tbh is

—— Testbench has no ports
~end Majority tb;
Harchitecture sim of Majority thb is
—- Component Declaration for the Unit Under Test (UUT)
= component Majority
E Port |
¥ ! in STD LOGIC; ~ .
y : in STD LOGIC: 36 —— Stimulus process to apply test vectors
z : in STD LOGIC; 37 H process
outl : out STD LOGIC 38 begin
L ) : - 359 —— Apply test cases
L end component; 40 ¥ <= "0"y yx= "0"; z «= "0"; wait for .0 ns;
41 x <= "0"'y yx= "0"; z «= "1"; wait for 10 ns;
—— Inputs 42 x<= "0"'"; yv<= "1"; z «= "0'; wait for 0 ns;
signal x : STD LOGIC := "("; 43 X <= "'"0"; y<="1"; z <= "1"; wait for 10 ns;
signal y : STD LOGIC := '0'; 44 X <= "1"; y<= '0"; z «= '0'; wait for 10 ns;
signal =z STD LOGIC := '0'; 45 x<="l"; y<= '"0'"; z <= '"1'; wait for 10 ns;
4q x<="1l"; yv<="1"; z «= "['; wait for 0 ns;
T Outputs 47 X<="l"; y<="1"; z «<= '"1'; wait for U ns;
signal ocutl : 5TD LOGIC; 48
—— Instantiate the Unit Under Test (UUT) 49 ——.Complete the simulation
begin 50 wait;
= uut: Majority Port map ( 21 B eFd process,
X => %, 52  lLend sim;
z => Z,
outl => outl
- )
—— Stimulus process to apply test wvectors
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Carry Lookahead Adder

> SAuata Stadoonc (propagation) kau
vévvnong (generation) kpatoupevou

> Ta kaBe FA 1o kpatoUuevo C;, 4 elvat ioo pe 1 av pua anod Tig
aKOAOUBEC cUVONKEC elval aAndNC:

O x;=1katy; =1 €1 =&t Poco

M c2 — g1t pic

O (xi=1ny;=1)kaic; =1 = g1+ p1(go + Poco)

' =g + +

D > UVOALKQL: Ci+1 = XiVi + Ci(xi + yl) g1 7 P18o T P1Poco
> O¢touue: g; = x;v; KALD; = X; + Vi €3 T &t D

, He g i P e =gt p2 (g1 + P18 + P1PoCo)
> Apa: ciyq = g; i ¢ = g2t p2g1+ papi1go t PaP1 Poco
> Tpuwv emutédwyv: éva yla ta p Kat Y ci =g+ pscs

: . : =g+ - - - c
Kat SU0 Yl Ta aBpolopaTta YIVOUEVWY 831 Ps(&2F pagi T P10 T PP1PoC)
= g3 T p3g2 T pap2g1 T papapigo T PapaP1Poco

> Karolwa artAomnoinon? CO=?
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VHDL Entity Declaration

> Tuetvar pua VHDL Entity?
O AnAwonm ovrotntag: KaBopilel Tnv eEwtepikn dtemapn
Hag povadacg UALKoU
O 2UOTATIKA:
m Ovopa ovrotnrtag: AvayvwploTiKo yla In
AELTOUPYIKY] pHovada
m [leprypapn Oupwv: lMNeprypagel onpata e.codou
Ko €€060U
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Introduction to VHDL Entity Declaration

entity entity name is
port(
port_ namel: mode data type;
port_ name2: mode data _type;

> Entity Name:

O KaeopiCsL TO (')VOLJ.O. NG UTo- )port_nameN: mode data_type
“Ovaéaq end entity _name,;
> I"Ieplvpaq)n GUpwV: entity Adder8Bit is
O port_name port(
O mode: KatevBuvon (my., in, out, A :in std_logic_vector(7 downto 0); -- 8-bit input A
inou t) B :in std_logic_vector(7 downto 0); -- 8-bit input B
) ) Cin :in std_logic; -- Carry-in
O data_type: (e.g., bit, std_logic) Sum : out std_logic_vector(7 downto 0); -- 8-bit sum
output
Cout : out std_logic -- Carry-out
);
end Adder8Bit;
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VHDL Architecture Body

> Tuetvar n Apxttektovikn VHDL;

> Architecture Body: [lepiypapel TNV E0WTEPLIKN UAOTTIOMON

LG OVTOTNTAC

e 'Ovoupa ApXITEKTOVIKNG: AVayVWPLOTIKO yla TNV
QPXLTEKTOVIK)

e 'Ovoua ovtotntag: 2UoXETI(EL TNV APXLITEKTOVLIKT] ME LA
ovtoTtnTa

* AnAwoelg: EowTteplka onuata, EapTrnuaTa Kat
OTaOEPEC

« Concurrent Statements (Tavutoxpoveg SNAwWOELS):
ALEPYAOLEC KAl EKXWPNOELS OTUATWV
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Simplified Syntax of VHDL Architecture Body

architecture arch_body of entity_module is
declarations;

begin
concurrent_statementl;
concurrent_statement2;
concurrent_statement3;

end arch_body;

» Ovopa ApxiTeKToVIKAG: KaBopilel To dvoua TS apXITeKTOVIKAG (arch_body)

» Ovopa ovToTNTAG: 2UVOEEI TNV APXITEKTOVIKNA ME MIO OUYKEKPIYEVN ovToTNTa (entity _module)

» Declarations: EcwTtepikd oApaTa, JETABANTEC KAl ECapTAMATA

» Concurrent Statements: Tautoxpoveg dNAWOCEIC: TepIypA@Eel TN CUPTTEPIPOPA XPNOIMOTTOIWVTAG
dlEpyaTies Kal EKXwpnoeic onuaTtwy (concurrent_statement1, concurrent_statement1, K.A1T.)
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*Ovopa ApXITEKTOVIKAG: Behavioral
*Ovopa ovroTnTag: Adder8Bit
AnAwoelg:
*To onua sum_temp
Concurrent Statements:
*AlEpyaagia yia TNV TTPACN TNG
mPoobeong Twv A, B, kat Cin
*To atmmoTéAeopa avariBeTal oTo Sum
Kat to Cout

architecture Behavioral of Adder8Bit is
signal A_ext, B_ext: std_logic_vector(8 downto 0);
signal Cin_ext: std_logic_vector(8 downto 0);
signal sum_temp: std_logic_vector(8 downto 0); -- 9-bit
temporary sum
begin
A ext<="'0"&A;
B ext<='0"'&B;
Cin_ext <="0000000" & Cin;
process(A_ext, B_ext, Cin_ext)
begin
-- Addition of A and B with Cin
sum_temp <= A _ext + B_ext + Cin_ext;
-- Assign the result to the outputs

Sum <= sum_temp(7 downto 0); -- Assign lower 8 bits to Sum

Cout <= sum_temp(8); -- Assign the carry out
end process;
end Behavioral,




Operators in Standard VHDL

o Operand A Data | Operand B Data | Result Data
Operator Description
Type Type Type

a*b Exponentiation integer integer integer
abs a Absolute value integer integer
not a Logical negation boolean, bit, boolean, bit,
J J bit_vector bit_vector
a*b Multiplication integer integer integer
alb Division integer integer integer
amod b Modulo integer integer integer
aremb Remainder integer integer integer
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Operators in Standard VHDL

Operand A Data | Operand B Data | Result Data
Operator Description
Type Type Type

a+b
a-b

a&b

aorb

aandb

axorb

|dentity
Negation
Addition
Subtraction

Concatenation

Logical OR

Logical AND

Logical XOR

integer
integer
integer
integer

1-D array of
elements

boolean, bit,
bit_vector

boolean, bit,
bit_vector

boolean, bit,
bit_vector

integer
integer

1-D array of
elements

boolean, bhit,
bit_vector

boolean, bhit,
bit_vector

boolean, bhit,
bit_vector
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integer
integer
integer
integer

1-D array of
elements

boolean, bit,
bit_vector

boolean, bit,
bit_vector

boolean, bit,
bit_vector
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Synthesizable Signal Types in VHDL

> Synthesizable Types: Types that can be implemented in hardware using
VHDL

> Common Synthesizable Types

O Bit - Represents a single binary value ('O' or '1’):
m signal bit_signal : bit;

O std_logic - Multi-valued logic type, more versatile than bit - Values
include '0', '1', 'Z', X', etc
m signal std_logic_signal : std_logic;

O std_logic_vector - Array of std_logic values - Used for buses and multi-
bit signals
m signal std_logic_vector_signal : std_logic_vector(7 downto 0);
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YuvBeoot totol s VHDL

> 2uvBeatpol TurtoL: TUTToL TTOU MITOPOUV VA UAOTIOINO0UV O€ UALKO
O AkEpalol — XpNolUoTolouvTal yid ITapAadELYaA YO LETPNTEC, OEIKTEG, ...
m signal integer_signal : integer range O to 255 := O;
O unsigned and signed - AvamaplotouV ITPOoTUACHEVOUCG Kal
artpoonuoug aptBpoug - Opidovtatl o BPAL0ONKN numeric_std
m signal unsigned_signal : unsigned(7 downto 0) := (others =>"'0");
m signal signed_signal : signed(7 downto 0) := (others =>'0");
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ZUVOPTIOELS UETATPOTING TNG
VHDL

Numbers Bit Vectors

signed

to_integer(S) std_logic_vector(S)
to_signed(l,S'length)
|
_logic_
to_unsigned(l,U'length)
to_integer(U) logic_vector(U)

ﬁﬁ
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Yuvdlaotikeg Alepyaoiec otn VHDL

> T elvat pua ouvdlaoTikn diepyaoia?

« Yuvdlaotnkn Atepyaoia: Mia diepyaaoia (process) TG
VHDL rou nteplypagpel cuvOlaoTikr) AOYLKT], OTTOU oL £€000L
eEapTwvTal LOVO QIO TIC TPEXOVOTEC EL0OOOUC

*  Baolka xapaktnplotika:

* Agv UAOTTOLOUV OTOLXELO UVIUNG

 H €€odol alAalouv otav arllalouv ol eicodol

« XpnoluormolouvTal ylia ITn oXedlaon KUKAWUATWY OTTwG:
multiplexers, adders, ...
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Structure of a Combinational Process

, , rocess (sensitivity list
> Alota evaloBnoiag: Eegin ( s
O AlOTa ONUATWY TTOU EVEPYOTIOLOUV TN -- Combinational logic
Stepyacoia 6tav aAAgouV TUEC end process;
O A, B, Sel: Eilcodot process (A, B, Sel)
. begin
O Y: E€oool | if Sel = '1" then
O Alota svatodbnotac: (A, B, Sel) Y <= A:
else
Y <= B;
end if;
end process;
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Case Statement in VHDL

case expression is
when valuel =>

> Tietval pua OnAwon Case;

O Aopn eAeyxou g VHDL -- Sequential statements
m EAEyxel pa ekgppaon kat emAEYEL when value2 =>
Lo arto TIC TTOANEC EVAANAKTIKEC LIE ~ Sequential statements
Baon mv TN TG EKPPaAoNG when others =>
-- Sequential statements
end case;
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Case Statement in VHDL

case expression is

> expression: H tyun mou mpemel va when valuel =>

aglohoynOel -- Sequential statements
when value: OL mBavéc TES T when value2 =>
> . G TIHEG NG -- Sequential statements
expression
> others: MpoalpeTik) cUVONKN VLA when others =>
0 p P .n nin yid |n -- Sequential statements
KAYOPLOMUEVEQ TIUEQ end case:
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[Mapaderypa SnAwong Case: 4-to-1 Multiplexer

architecture Behavioral of Mux4tol is
begin

> ‘Ovopa Apxttektovikng: Behavioral orocess (10, 11, 12, 13, Sel)

> ‘Ovopa Ovtomrtac: Mux4tol begin
’ case Selis
> Aegtrtovpyla: when "00" => Y <= I0;
O AnAwon case 1ou ETIAEYEL LA QITO when "01" =>Y <= 11,
'8 (|O . |3) . when "10" =>Y <= 12;
TLG €10060U6 (10 £wg 13) ovpYwva when "11" => Y <= 13
ME TO onua Sel when others => Y <= (others =>'0");
O H mpoemniheyuevn evepyela opiletan end case;

end process;

arto To when others end Behavioral:
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AnAwon If tTng VHDL

> Tieival pa dnAwon If;
O AnAwon If: Mua doun eAeyxouv ¢ VHDL
m Exktelel OnAwoelg pe Baon v a&loAoynon Kag 1
JIEPLOCOTEPWY CUVONKWV
m Mnopel va nepthapBavel ToAAEC CUVONKEC Kal
eEVOeTEC ONAWOELC
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Aopn ™c dnAwong If

> Components:

O if: Npwtn ocuvBNKN if condition1 then
O elsif: NpoalPETIKEG TUVOTKEG - Sequential statements
O else: INpoalpetikn cuvONkn else elsif condition2 then
; P P , N NKn -- Sequential statements
YLl OAEC TLC UTTOAOUTEG else
TIEPUTTWOELG -- Sequential statements
end if;
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[Mapaderypa dnAwong If: 4-to-1 Multiplexer

architecture Behavioral of Mux4tol is
begin
> 'Ovoua Apxitektovikng: Behavioral process (10, 11, 12, 13, Sel)
' . ' begin
> 'Ovoua Ovrornrac. Mux4tol £ Sel = "00" then
O H dnAwon if EAEYXEL TNV TLUN TOU Y <= 0;
onuatoc Sel kaw BéteL TNV e'j”;?ﬁ"l_: "01" then
avtiotowxn eioodo (10 £wg 13) elsif Sel = "10" then
otnyv €€0do Y Y <= 12;
0 H ouvBnkn else xepiletatl Tuxov e'j”;felg_: "11" then
QITPOOOLOPLOTEC TIUEC TOU Sel clse
Y <= (others =>'0";
end if;
end process;
end Behavioral:
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VHDL Testbenches

> Oplopog: Eva VHDL testbench xpnotpornoteitat yia tnv
EMAANOEVOT TNC AELTOUYIKOTNTAC EVOC KUKAWUATOC TTOU
exeL meptypawetl ue VHDL

> 2 komog: H mpooopolwon tou oxediov yia va dlarmtoTwOEl

OTL AELTOUPYEL OTTWC artatTeltal, IPLV TNV VAOTMOoINoT ToU
KUKAWMATOC

> [eplAapfavel onuata e.00dou yia T AELToupyla Tou
KUKAWMATOC Kal yla TNV Tapatnenom Twv E0dwv Tou
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

ENTITY MUX4tol IS
PORT(
a, b, c d:IN STD_LOGIC;
sel: IN STD_LOGIC_VECTOR(1 DOWNTO 0);
y : OUT STD_LOGIC

);
END MUX4to1l;

ARCHITECTURE behavior OF MUX4tol IS
BEGIN
PROCESS(a, b, c, d, sel)
BEGIN
CASE sel IS
WHEN "00" =>y <= a;
WHEN "01" =>y <= b;
WHEN "10" =>y <=¢;
WHEN "11" =>y <=d;
WHEN OTHERS =>y <="'X};
END CASE;
END PROCESS;
END behavior;
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LIBRARY ieee; -- Stimulus process
USE ieee.std _logic_1164.ALL; stim_proc: PROCESS
BEGIN
ENTITY tb_MUX4tol IS -- Test vector 1
END th_MUX4to1,; a<='05b<="1;c<="0d<="1; sel <=
"00",;
ARCHITECTURE behavior OF tb_ MUX4tol IS WAIT FOR 10 ns;
-- Component Declaration
COMPONENT MUX4tol -- Test vector 2
PORT( sel <="01";
a,b,c,d:IN STD_LOGIC; WAIT FOR 10 ns;
sel: IN STD_LOGIC_VECTOR(1 DOWNTO 0);
y : OUT STD_LOGIC -- Test vector 3
)i sel <="10"
END COMPONENT; WAIT FOR 10 ns;
-- Signals for DUT -- Test vector 4
SIGNAL a, b, c,d: STD_LOGIC,; sel <="11"
SIGNAL sel : STD_LOGIC_VECTOR(1 DOWNTO 0); WAIT FOR 10 ns;
SIGNALy: STD_LOGIC,;
-- End of test
BEGIN WAIT;
-- Instantiate the Unit Under Test (UUT) END PROCESS;
UUT: MUX4tol PORT MAP ( END behavior;
a=>a,
b =>Db,
c =>c,
d=>d,
sel => sel,
y=>y
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