VHDL

Ece Olcay Giines, Berna Ors Yalgin

Giris

* VHDL “VHSIC Hardware Description Language” in kisaltmasidir.
* VHSIC “Very High Speed Integrated Circuits” in kisaltmasidir.
. Eel?/re Igizimi yapmak yerine bir programlama dili ile devreyi tanimlamada
ullanilir.
« Blyik sayisal devre tasariminda pek ¢ok kullanim sekli vardir.
— Agiklama (Documentation)
— Dogrulama (Verification)
— Gergekleme (Synthesis)
+  Ug farkli devre tanimlama yéntemi kullanilir:
— Yapisal (Structural)
— Veri Akisi (Data flow)
— Davranigsal (Behavioral)
* Gogu zaman bu ¢ yéntemin karigimi kullanilir.
« VHDL 1976 yilinda IEEE tarafindan gelistirilmis bir standartdir.
+ Dil pek gok yenilemeden gegmistir. Su anda 1993 yili iretimi en gok
kullanilan halidir.

Alt Bloklar

» Bir tasarimi daha anlasilabilir ve degisikliklere
acik hale getirebilmek igin devreler alt bloklara
ayrilir.

« Daha sonra bu bloklar buttin devreyi olusturmak

Uzere uygun sekilde baglanir.
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Entity

VHDL'de her blok kendi basina bir devre olarak diistiniiliir ve entity olarak adlandirilir.

Entity: Verilen bir lojik fonksiyon igin bitiin giris ve ¢ikislari tanimlar. Yani lojik
fonksiyonun dis diinyayla baglantisini tanimlar. Her VHDL tasarim mutlaka en az
bir entity igerir.

entity entity tanimlayici is
port (isaret tanimlama);
end entity tanimlayici;

Port: Port giris ve cikis isaretidir. Port ifadesi, her isaret icin, port tanimlayici, port
yonii ve port veri tipini belirlemelidir. Port da 3 yon kullanilir. Giris igin in, cikis icin
out, cift yonlii portlar igin inout kullanilir. Pek gok degisik veri tipi kullanilabilir.

Veri tipleri:

bit: 0 ve 1 degerini alabilir

bit-vector: ayni isim altinda bir dizi 0 ve 1'l géstermek igin kullanilir.

integer: pozitif ya da negatif tamsayilara kars diiser

natural: 0'dan baslayip istenen bir limit degere kadar tamsayilar igin kullanilir.
positive: 1'den baslayip istenen bir limit degere kadar tamsayilar igin kullanilir.
Boolean: Dogru ve yanlis olmak lizere 2 degerli bir veri tipidir.




Entity Ornegi

entity Ornek is
port (A,B: in bit; Z: out naturel range 0 to 31);

end Ornek;

+ Ik satir yeni tanimlanacak devrenin ismini bildirir: Ornek

+ Son satir tanimlamanin bittigini gésterir.

« Aradaki satirlar devrenin giris cikiglarini tanimlar.

» Port taniminda her satir bir giris-cikis listesi, modunu ve
veri tipini gosterir.

« Son satirin disindaki her satir ; ile bitirilir. Port taniminin
tamami da ; ile bitirilir.

Architecture

Lojik fonksiyonun islevi architecture tarafindan
belirlenir. Her entity icin bir architecture
tanimlanir.

architecture mimari ismi of tanimlayici ismi is
begin

lojik fonksiyonun yapacagi is burada tanimlanir;
end mimari ismi;

Architecture Ornegi

entity AND_Gate is
port(A, B: in bit; X:out bit);
end entity AND_Gate;
Architecture dataflow of AND_Gate is
begin
X <=Aand B;
end dataflow;

« llk satir dataflow isimli mimarinin AND_Gate isimli
devreye ait oldugunu gdsteriyor.

« begin ve end arasindaki satirlar AND_Gate in nasil bir
islem gercekleyecegini belirtir.

Yapisal Tanimlamalar

» Tasarimimizdaki temel bloklar entity ve
karsilik gelen architecture kullanilarak
tanimlandiktan sonra diger tasarimlarda
kullaniimak Uzere birlestirilebilirler.

* Bu iglem yapilirken alt bloklar ust blogun
icinde component olarak tanimlanirlar.

component elemanin-adi is
port (uc tanimlari)
end component;




Component Ornegi

entity AND-OR-logic is
port(IN1, IN2, IN3, IN4: in bit; OUT3: out bit);

end AND-OR-logic;
ouT, architecture LogicOperation of AND-OR-logic is|
component AND_Gate is

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

end component;
component OR_Gate is
N, port(A,Btin bit; X:out bit);
end component;

ignal OUT1, OUT2:bit;
begin
G1: AND_Gate

port map (A=IN1, B=IN2,

ouT,

IN; ouT,

Ara baglantilara karsi diiger.

Entegre iginde dis baglantisi X=0UT1);
olmayan elemanlar arasi G2: AND_Gate
baglantilardir. port map (A=IN3, B=IN4,
X=0UT2);
G3: OR_Gate
port map (A=0UT1, B=0UT2,
X=>0UT3);

end LogicOperation;

Veri Akigi Tanimlama

» Veri akigl tanimlamada temel bloklarin
(6rnegin and kapisi) giriglerinin ve
cikiglarinin devre igcinde nasil baglanacagi
tanimlanir.

+ isaretlerin devre iginde nasil akacag!
tanimlanir.

Veri Akisi Tanimlama Ornegi 1

entity latch is
port (s,r : in bit; q,nq :
¢ out bit);
end latch;
architecture dataflow of
2 g latchis
begin
g<=r nor ngq;
Ng<=s nor q;
end dataflow;
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Sayilari BCD'den Decimal'e ¢eviren decoder
tasarimi

entity decoder is
port (A: in bit-vector(0 to3); X:out bit-vector (0 to 9));
end decoder;

X(0)
A0) X(@1)  architecture BCD-to-decimal of decoder is
A1) X2  begin
X(3) X(0)<=not A(3) and not A(2) and not A(1) and not A(0);
A@2) X(1)<=not A(3) and not A(2) and not A(1) and A(0);
X(2)<=not A(3) and not A(2) and A(1) and not A(0);
A®) X(3)<not A(3) and not A(2) and A(1) and A(0);

X(9) X(4)<=not A(3) and A(2) and not A(1) and not A(0);
X(5)<=not A(3) and A(2) and not A(1) and A(0);
X(6)<=not A(3) and A(2) and A(1) and not A(0);
X(7)<not A(3) and A(2) and A(1) and A(0);
X(8)<A(3) and not A(2) and not A(1) and not A(0);
X(9)«<=A(3) and not A(2) and not A(1) and A(0);

end BCD-to-decimal;




Not

Bu 6rnekte birden fazla giris ¢ikis s6z konusu oldugu igin bunlar
VHDL'de bir dizi (bit-vector) veri tipi ile gosterilebilir.

Genel olarak bit dizilerinin buyUkligi 0'dan n'ye segilir.

0 her zaman dizinin ilk elemanina karsi diser.

Bu nedenle n dizideki eleman sayisindan 1 eksik olarak secilmelidir.
n+1 giris veya ¢ikis dizi olarak bit-vector (0 to n) olarak gosterilir.
Ornekte girig bit-vector (0 to 3)

Cikig bit-vector (0 to 9) bigimindedir.

Kombinezonsal Devre Tasarimi
Ornegi
Elemanlari iki bitlik olan iki matrisin garpimini bulan devre tasarlanacaktir.

a11 a12 bll blZ _ C11 C12

a21 a‘22 b21 b22 C21 C22

C, = ayby, +aby,
Cp = a21b12 + azzbzz

Cyy = ayby; +a,by,
G = a21b12 + a-22bzz

entity Matris_Carpici is
port(al11 : in std_logic_vector(1 downto 0);
a12 :in std_logic_vector(1 downto 0);
a21 :in std_logic_vector(1 downto 0);
a22 :in std_logic_vector(1 downto 0);

aijbkl Garpimi 4-bitliktir. b12 : in std_logic_vector(1 downto 0);

C..
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b11 : in std_logic_vector(1 downto 0);
(
(

b21 : in std_logic_vector(1 downto 0);

b22 : in std_logic_vector(1 downto 0);

c11 : out std_logic_vector(4 downto 0);

¢12 : out std_logic_vector(4 downto 0);

c21 : out std_logic_vector(4 downto 0);

¢22 : out std_logic_vector(4 downto 0));
end Matris_Carpici;

5-bitlik olmalidir.




architecture dataflow of
Matris_Carpici is
begin

c11 <= (a1 * b11) + (a12 * b21);
c12 <= (a1 * b12) + (a12 * b22);
21 <= (a21 * b11) + (a22 * b21);
€22 <= (a21 * b12) + (a22 * b22);

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;

USE ieee.std_logic_unsigned.all;

USE ieee.numeric_std.ALL;

ENTITY matris_5bitlik_tb_vhd IS

END matris_5bitlik_tb_vhd;

ARCHITECTURE behavior OF matris_5bitlik_tb_vhd
S

COMPONENT Matris_Carpici
PORT(a11,a12,a21,a22,b11,b12,b21,
b22 : IN std_logic_vector(1 downto 0);

BEGIN
uut: Matris_Carpici PORT MAP(
al1=>al1,a12=>a12, a21 => a21, a22 => a22,
b11 =>b11, b12 => b12, b2 b21, b22 => b22,
c11=>¢11, c12 => ¢12, 21 => ¢21, 22 => ¢c22);
tb : PROCESS
BEGIN
wait for 10 ns;
al1<="11"; a12 <="11"; a21 <="11"; a22 <= s
b11 <="11", b12 <="11"; b21 <= "11"; b22 <= "11";
wait for 10 ns;

end dataflow; o11,012,c21, al1 <="01% a12 <= "10°; a21 <= "11"; a22 <= "00";
€22 : OUT std_logic_vector(3 downto 0)); b11 '00"; b12 <="01"; b21 <="10 "; b22 <="11";
END COMPONENT; wait;
SIGNAL a11,a12,a21,a22,b11,b12,b21,b22: END PROCESS;
std_logic_vector(1 downto 0) := (others=>'0"); END;
SIGNAL c11,c12,c21,
c22:std_logic_vector(3 downto 0);
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LIBRARY ieee; BEGIN

architecture dataflow of Matris_Carpici is
signal ara1, ara2, ara3, ara4, ara5, ara6,
ara7, ara8: std_logic_vector(4 downto 0);
begin
aral <= (a11*b11

)
ara2 <= (a12 * b21);
ara3 <= (a11 * b12);
arad <= (a12 * b22);
ara5 <= (a21 * b11);
arab <= (a22 * b21);
ara7 <= (a21* b12);
ara8 <= (a22 * b22);
c11 <= aral + ara2;
c12 <= ara3 + ara4;
c21 <= ara5 + ara6;
c22 <= ara7 + ara8;
end dataflow;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;
ENTITY matris_5bitlik_aracarpim_tb_vhd IS
END matris_5bitlik_aracarpim_tb_vhd;
ARCHITECTURE behavior OF
matris_5bitlik_aracarpim_tb_vhd IS
COMPONENT Matris_Carpici
PORT(a11,a12,a21,a22,b11,b12,b21,
b22: IN std_logic_vector(1 downto 0);
c11,c12,c21,
€22 : OUT std_logic_vector(3 downto 0));
END COMPONENT;
SIGNAL a11,a12,a21,a22,b11,b12,b21,b22:
std_logic_vector(1 downto 0) := (others=>'0");
SIGNAL c¢11,c12,c21,
c22:std_logic_vector(3 downto 0);

uut: Matris_Carpici PORT MAP(
al1=>al1,a12=>a12, a21 => a21, a22 => a22,
b11 =>b11, b12 => b12, b21 => b21, b22 => b22,
c11=>¢11, c12 => ¢12, 21 => c21, 22 => ¢c22);
tb : PROCESS
BEGIN
wait for 10 ns;
al1<="11" a12 <="11"; a21 <="11"; a22 <="
b11 <="11";, b12 <="11"; b21 <= "11"; b22 <=
wait for 10 ns;

al1 1" a12 <="10" a21 <="11"; a22 <= "00";
b11 <="00" b12 <="01"; b21 <="10"; b22 <="11";
wait;
END PROCESS;
END;

Now:
ISns




i 3 Y
i 3 i
X
i ¥
X ¥
X i
x 8
3 TR T AT |
L] AP B ] T
] N 11 W 0]
] W 1 i1} 3

library IEEE;
use IEEE.STD_LOGIC_1164.all;

package matris_tanimi is
type satir_giris is array (integer range 1 to 2) of
std_logic_vector(1 downto 0);
type satir_cikis is array (integer range 1 to 2) of
std_logic_vector(4 downto 0);

type matris_cikis is array (integer range 1 to 2) of satir_ciki
type ara_carpim is array (integer range 1 to 8) of
std_logic_vector(4 downto 0);
end matris_tanimi;

type matris_giris is array (integer range 1 to 2) of satir_giris;

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
use matris_tanimi.all;

entity Matris_Carpici is
port(a : in matris_giris;
b : in matris_giris;
is; ¢ : out matris_cikis);
end Matris_Carpici;

architecture dataflow of Matris_Carpici is
begin
process(a,b)
variable ara: satir_cikis;
begin
foriin 1to 2 loop
forjin 1to 2 loop
fork in 1 to 2 loop

ara(k) := a(i)(k) * b(k)();
end looj
c(i)(j) <= ara(1) + ara(2);
end loop;
end loop;

end process;
end dataflow;

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use [EEE.STD_LOGIC_UNSIGNED.ALL;
use matris_tanimi.all;

entity Satir_Sutun is
port(a : in satir_giri
b :in satir_giris;
¢ : out std_logic_vector(4 downto 0));
end Satir_Sutun;

architecture dataflow of Satir_Sutun is
begin
process(a,b)
variable ara: satir_cikis;
begin
forkin 1to 2 loop
ara(k) = a(k) * b(k);
end loop;
c <= ara(1) + ara(2);
end process;
end dataflow;

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use [EEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
use matris_tanimi.all;

entity Matris_Carpici is
port(a : in matris_giris;
b : in matris_giris;
¢ : out matris_cikis);
end Matris_Carpici;

architecture structure of Matris_Carpici is
component Satir_Sutun is
port(a : in satir_giris;

b :in satir_giris;

¢ : out std_logic_vector(4 downto 0));
end component;

begin

SS1: Satir_Sutun port map(a => a(1), b => b(1), ¢ => ¢(1)(1));
SS2: Satir_Sutun port map(a => a(1), b => b(2), ¢ => ¢(1)(2));
S$S3: Satir_Sutun port map(a => a(2), b => b(1), ¢ => ¢(2)(1)):
$S4: Satir_Sutun port map(a => a(2), b => b(2), ¢ => ¢(2)(2))

end structure;

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use [EEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
use matris_tanimi.all;

entity Matris_Carpici is

port(a : in matris_giris;

b : in matris_gi

¢ : out matris_cikis);
end Matris_Carpici;

architecture structure of Matris_Carpici is
component Satir_Sutun is
port(a : in satir_giris;

b :in satir_giris;

¢ : out std_logic_vector(4 downto 0));
end component;
begin
satir: for i in 1 to 2 generate
) sutun: for j in 1 to 2 generate
3 SS: Satir_Sutun port map(a => a(i), b => b(j),
: ¢ =>c(i)(j));

;| end generate sutun;

end generate satir;
end structure;




library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
use matris_tanimi.all;

entity Matris_Carpici is
port(a : in matris_giris;
b : in matris_giris;
¢ : out matris_cikis;
saat, reset, basla : in std_logic;
bitti : out std_logic);
end Matris_Carpici;

architecture structure of Matris_Carpici is
component Satir_Sutun is
port(a,b : in satir_giris;
¢ : out std_logic_vector(4 downto 0));
end component;
type state_type is (baslangic, durum1, durum2,
durum3, durum4);
signal durum: state_type;
signal satir, sutun : satir_giris;
signal carpim : std_logic_vector(4 downto 0);

begin
SS: Satir_Sutun port map(a => satir, b => sutun,
¢ => carpim);
process(saat)
begin

if rising_edge(saat) then
if reset="1" then

foriin 1to 2 loop
satir(i) <= (others =>'0'); sutun(i) <= (others =>'0");
forjin 1to 2 loop
c(i)(j) <= (others =>"0");
end loop;
end loop;
bitti <="0"; durum <= baslangic;
else
case durum is
when baslangic =>

bitti <="0",
if basla="1" then
durum <= durum1; satir <= a(1); sutun <= b(1);
else
durum <= baslangic;
end if;

when durum1 =>
durum <= durum2; satir <= a(1); sutun <= b(2);
c(1)(1) <= carpim;

when durum2 =>
durum <= durum3; satir <= a(2); sutun <= b(1);
¢(1)(2) <= carpim;

when durum3 =>
durum <= durumd; satir <= a(2); sutun <= b(2);
¢(2)(1) <= carpim;

when durum4 =>
durum <= baslangic; c¢(2)(2) <= carpim; bitti <

end case;
end if;
end if;
end process;

lend structure:

2
DURUM MAKINASI

3
SATIR-SUTUN




LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;

use matris_tanimi.all;

ENTITY matris_state_tb_vhd IS
END matris_state_tb_vhd;

ARCHITECTURE behavior OF matris_state_tb_vhd IS
COMPONENT Matris_Carpici
PORT(a,b : IN matris_giris;
saat,reset,basla : IN std_logic;
¢ : OUT matris_cikis;
bitti : OUT std_logic);
END COMPONENT;

SIGNAL saat : std_logic
SIGNAL reset : std_logi ;
SIGNAL basla : std_logic :='0";
SIGNAL a : matris_giri
SIGNAL b : matris_giris;

SIGNAL c : matris_cikis;
SIGNAL bitti : std_logic;

constant cycle : time := 10 ns;

BEGIN

uut: Matris_Carpici PORT MAP(a => a,b => b,c => ¢,
saat => saat,reset => reset,basla => basla,bitti =>
bitti);

saat <= not saat after cycle/2;
tb : PROCESS
BEGIN
wait for 20 ns;
reset <='1";
wait for cycle;

reset <="'0';
basla <="'1";

wait;
END PROCESS;
END;

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;

use matris_tanimi.all;

entity Satir_Sutun is
port(a : in satir_giris;
b :in satir_giris;
¢ : out std_logic_vector(4 downto 0));
end entity Satir_Sutun;

architecture structure of Satir_Sutun is
component Toplama is
port (a : in std_logic_vector(3 downto 0);
b : in std_logic_vector(3 downto 0);
toplam: out std_logic_vector(4 downto 0));
end component;
component Carpma is
port (a : in std_logic_vector(1 downto 0);
b :in std_logic_vector(1 downto 0);
carpim : out std_logic_vector(3 downto 0));
end component;
signal ara : ara_carpim;

2nd architecture strycture:

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

entity Carpma is
port (a : in std_logic_vector(1 downto 0);
b :in std_logic_vector(1 downto 0);
carpim : out std_logic_vector(3 downto 0));
end Carpma;

architecture structure of Carpma is
component Yari_Toplayici is
port(a,b : in std_logic;
toplam, elde : out std_logic);
end component;
signal ara_carpim : std_logic_vector(3 downto 0);
signal elde : std_logic;
begin
carpim(0) <= a(0) and b(0);
ara_carpim(0) <= a(1) and b(0);
ara_carpim(1) <= a(0) and b(1);
ara_carpim(2) <= a(1) and b(1);
YT1: Yari_Toplayici
port map (a => ara_carpim(0),b => ara_carpim(1),
toplam => carpim(1),elde => elde);
YT2: Yari_Toplayici
port map (a => ara_carpim(2),b => elde,
toplam => carpim(2),elde => carpim(3));
end architecture structure;

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

entity Toplama is
port (a : in std_logic_vector(3 downto 0);
b :in std_logic_vector(3 downto 0);
toplam: out std_logic_vector(4 downto 0));
end Toplama;

architecture structure of Toplama is
component Yari_Toplayici is
port(a,b : in std_logic;
toplam, elde : out std_logic);
end component;
component Tam_Toplayici is
port(a,b, elde_giris : in std_logic;
toplam, elde_cikis : out std_logic);
end component;
signal elde : std_logic_vector(2 downto 0);
begin
YT: Yari_Toplayici
port map (a => a(0),b => b(0),
toplam => toplam(0),elde => elde(0));
TT: foriin 1to 2 generate
TT1: Tam_Toplayici
port map (a => a(i),b => b(i),elde_giris => elde(j-
toplam => toplam(i),elde_cikis => elde(i|
end generate;
TT3: Tam_Toplayici
port map (a => a(3),b => b(3),elde_giris => elde(2),
toplam => toplam(3),elde_cikis => toplam(4))]
end i fructure:




LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

entity Yari_Toplayici is
port(a : in std_logic;
b : in std_logic;
toplam : out std_logic;
elde : out std_logic);
end Yari_Toplayici;

architecture dataflow of Yari_Toplayici is
begin
toplam <= a xor b;
elde <=aandb;

end architecture dataflow;

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

entity Tam_Toplayici is
port(a : in std_logic;
b : in std_logic;
elde_giris : in std_logic;
toplam : out std_logic;
elde_cikis : out
std_logic);
end Tam_Toplayici;

architecture dataflow of Tam_Toplayici is
begin
toplam <= a xor b xor elde_giris;
elde_cikis <= (a and b) or (a and

elde_giris) or (b and elde_giris);

end architecture dataflow;

YARI TOPLAYIC

GARPMA

SATIR-SUTUN

TAM TOPLAYICI
TOPLAMA

ELDE CIKISI




