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: Jols VHDL Caogs S @
* Entity declaration
e Architecture body

ol (e 5 6055 SR e Sk o eNtity o a5 ©

Glslo/o Sles)

VHDL i &l JS Lol

ENTITY NAME OF ENTITY is

input and output poris.

END [entity] [NAME OF ENTITY] ;

ARCHITECTURE architecture_name OF NAME OF ENTITY IS
declarations.
BEGIN

-— Statements

END @rchitecture_name;
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| _ Architecture
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library ieee; 55
use ieee.std_logic_1164.all;

en’rﬁ‘yhals .............................................
port (a,b :in bit;
s,co :out bit);

: S99 Port Caro o
—_— ST

‘ end ha ‘ N a4
architecture dataflow of hais :
begin ] (Architect) s loss
s <= a xor b — el
co<=aandb; R

end dataflow:

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

architecture concurrent of example is (S99 pod
begin »
# 2= B concurrency
Sum <= A+B;
B<«=7;

end:
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library icee;
use ieee.std_logic_1164.all;

en‘l‘l‘l'y Jloe PU IS

port (LT ¥ o =95 3909 S %e);
end [entity )lse L]

architecture csus )T ol of Ll o is

begin
VHDL oi)le
End [architecture esis T 6b];
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library ieee; 55
use ieee.std_logic_1164.all;

entity cir is
port (a,b,c iin bit;
yly2 :buffer bit);

end cir; "

Y1

oo

y2

— v e — — e — —

architecture dataflow of cir is |
begin

yl <= aand b;

y2<=ylorc;
end dataflow;
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signal a:bit;
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signal a,b,c:bit

port(a,b:in bit

s,co:out bit)
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(Declaration) bt

architecture archi of my-design is
| signal a:bit; |
begin

end:

architecture archi2 of my-design is

[signal Busl1,Bus2:bit_vector(7 downto 0); ]
begin

end:
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library icee; @

use ieee.std_logic_1164.all; o
. ke o3lkows 81N
enTlTy mUI.I.l IS Semna.nltlniversity
port (a,b : in bit; 3 i
S ! in bit; r—————-"5———~ L

O : out bit);

|

end:; : F
i
|

architecture mux of multi is
signal 01,02 : bit;
begin
ol <= not(S) and q;
02 <= S and b; O <= (not(S) and a) or (S and b);
O <=0l or o2;
end mux;
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(Identifier) 4wl b (5, 13560

DATA_Bus
Delayl Sl (UnNacrnine) S0t

RISE_Time

x10 Db G 10 S Cawl g 9 398 £ 40 9,2 L b el ¢
X_10
Z_Bus
B2

e a3lawl VHDL 3 059 i) b oS OldS jl 3ol c;)l.')flol.'p slw*
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2o g0 132 02 jI LIS U Vgare LJUSuw Com *

Port (a,b,c:in bit; ; iml,im2, i :
ort (a erin bi signal iml,im2,im3 : bit;

Sum,Cout:out bit;)
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signal a:bit:='1’;

L Olgi o0 s TP Solene o & D5 50 1)L gl lade g jlwdads slal )y @ JiSw ¢

oawass calie )lade LS 092 O guo ol )3 390 o315 4yl laie @ JUSww 4 ST °
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3 a5 5o gl Jlade Olgie 1) 0 o 5 i
b<=“10101011";
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Bit Type g4

Integer Type g4

bit_vector Type g4

Time Type g

Boolean Type g

Std_Ulogic Type 5 Std_Logic Type g3
Std_Ulogic_Vector Type 4 Std_Logic_Vector Type g4 *

others Js &l)le *

30



Integer Type §o
DAL DI 1) 2bl e e 9 Sute (s3lael 4S Integer (s33e lgS co JUSw ¢

238 (/) pawis (*) @ p (7) G () o> Olwwlre ploul sl Integer JUSmw
2952 )54 mod g (rem) s25Le.3L ((abs) Glre

c<=a+b |:> ),.taalacgd.abg;i,.‘b&.qf.mlgbga

c<=a-b
c<=a*b
2L Y 90 cu b ga puslis g suil Integer o5 jlc b ga 3
c<=a/b E:i} .
39450 8313 € 4 Cuwl INteger 45 ) Cuowd 21>
c<=abs (a)
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Integer Type §9 @
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c<=a mod b M) 3pige03sCab culle Losileadl s 3pde pauii b 52 3 o

¢ <= 5 mod 3 |:> dpbe 0 CUY SV 00 ewds 035leadl

C ) o3leudl
c <= (-5) mod 3 mm) (-5) = ((-2)*3 + 1) —> o ity

)9'&'6‘ 230>

-¥ sa5leusl
<= (-5) mod (-3)mm) (-5) = (1*(-3) + (-2)):>“* Hles

L - o35leu8l
c <= 5 mod (-3) I:>5 = ((-2)*(-3) + (-1)) |:>> . i
50 ©
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c <= (-5) rem 3 I:> -5

c <=

c <=

Integer Type §¢

c<=a rem b I:> dodise 033 C 4 A Cualle Lodilesd b g 39 g0 pandii b 0 2

c<=5rem3|::>5

(-5) rem (—3)II> -3 = (1%{-3) + {=2}) l::>
5 rem (-3) |::> 5 =

= (1*3 + 2) @) dsdee 03l CaF axlal

= (-1)*3 + (-2) =

((-1)*(-3) + (2))

O -V s25leusl
dgub g0 0315 C
4 -V o25leusl
dgub c0 0I5 C
L +Y oa5leusl

dgub c0 02D C
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DS o o QS j b4 mod g rem Celle Oy dlael sl 0 ok e

&,J Jl dl..g.wa 95 $lr b (solws 'o).r-) f= 9= <= < 2= > 2l lawwlis Olloe

&L g False L, True O ) oty Ol 4ot 45 515 ploul Olgd oo i Integer
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entity adder is
port (a,b : in integer /range 0 to 7;
¢ : out integeX range 0 to 15); /‘\\

end adder; Integer |, JUSiww &5 Slo )

VPR oS (50 (P R
il o Y 3 SO JUSw

architecture behav of adder is

begin
c <= a + b; [-2,147,483,648 to +2,147,483,647 ]
end behav; S 5o S (535255 332l b Jor 13 092

S )55 1) Integer osgame Cuwl g
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Do so o gl 4l)TL 2B £95 S I &S paie (i 4o gozne VHDL >
B oo JoSiS | bit_vector pU 4 LT SO s paie (Ean oz Jl slac goxe

St Soz J SIOLT bULS e (ol 95 28l G Jez b 5 @ SladiSew ST e ©

D9 g0 Ol bit_vector(3 downto 0) L 45 250 o

a(3)
b(3)

a(2)
b(2) equals

a(l) : —
b(1) :IDO—"

a(0) r

b(0) >°_

wr/;&b
Ol.;.o.w al&idla
Semnan University

OS158 pusy

36



bit_vector Type §¢ @
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Semnan University

a,b:in bit__vector(B downto 0) R
(MSB) (LSB)

a |a@)|a@)|a@)]la)

N

-

b b(3) | b(2) | b(1) b(O)“

a=12=(1100); 1 1 0 0

3903 23laiwl dOWnto O 504 bit_vector goi jl 3L (s b slael Hioles sl 0
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a(3)
b(3)

a(2)
b(2)

a(1)
b(1)

a(0)
b(0)

) Do—

O —

> equals

| o4 —

bit_vector Type §9

entity equabo is

port (
a : in bit vector (3 downto 0);
b : in bit vector (3 downto 0);
equals : out bit);

end equabo;

architecture equabo_arch of equabo 1is
begin
equals <= (a(3) xnor b(3))
and (a(2) xnor b(2))
and (a(l) xnor b(l))
and (a(0) xnor b(0));
end equabo_arch;
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bit_vector Type &9 @

a(3) b sl; I3

a(2) Semnl:: L.lniversity
b(2) equals Ol1358 oz
a(l)

b(1) , >O-J

a(0)
b(0)

Meste Trna Ber [~ 11,2755 - 4| |Portec  @85ns  Intovat [ 263ne  Stet|

] ' ps 1&}'1;1'; 20.0ns Z!lin: mpm 500n: B
Nems  |Yebmel T2 ms p

— .
| equals | 8o - |
of| @A uo f 1] Y i —Y 2

| @8 u1 0 X1 X0 X 3 X 2 Y 7T
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bit_vector Type §¢ @
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Signal d:bit vector (0 to 3) R

(MSB) (LSB)

d d(0) | d(1) | d(2) | d(3)

D=12=(1100), | 1 1 0 0
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bit_vector Type §o

bl Sl 4 Gz Sl polie G Oldos 98 00 plsl LT 95 G Oldee & SLj °

390 s
(MSB) (LSB)

signal v:in bit_vector (1l downto 0) s Vi | V(1) [ v(0)

(MSB) (LSB)

signal w:in bit vector(0 to 1) W | W(0) | w(1)

L Sl Ul w(l) <= v(0)
— —
WS w(0) <= v(1)

&)
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bit_vector Type §9

rolie 1o sl LJLSaw 2L 398 ploil bit_vector la LS s9) 2 Oldes ST

00101001 AND 11100101 === 00100001

B w pwd b )T jeolie I cowd 4 Olgd o

b(l downto 0) <= a(3 downto 2) —_—

b petegsat f

AL Olesy

b(l) <=
b(0) <=

.}.u&la 65“’"

a(3)
a(2)

&)
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bit_vector Type §gy

Sty bit joslie ‘17 50" uolde ©

135 S )13 “ el 31 50 lade 3L bit_vector JLSw 4 Jlade 031> gl v °

d : out bit_vector(3 downto 0)

d <= B“1100”

—>

d(0)
d(1)
d(2)
d(3)

<=

<=

<=

&=

\Ol
\OI
\1I
\ll

g d <= X"C"
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bit_vector Type §¢

d : out bit vector (0 to 3)

d <= B“1100” ===p d(0) <= ‘1’
(i1} <= Y171
d(2) <= ‘0’
d(3) <= ‘0’

XNOR 9 XOR .NOR :NAND (NOT .OR AND Sldes Ol 5o bit_vector g45 jl sl sl 0 °
Sl ploul |

L True iz Boolean & g0t T dois €5 1) /= 9= <= < 2= > 3k (slunlio Olloc

3l il Olgs oo ) Gl False
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Time Type &9

2ol oo jui Physical g9 1) Time go5 *

Ll Olej (5 S 0131 sl JAled £95 I *

WOl a=ly 500 9 308 SG 1Bl o Comd 95 Jol Type ol

q <= r NOR nq after 5 ns;

N

secC
ms
us
ns

PsS

:ole) slaa=lg &|,J| .
1000 ms
1000 us
1000 ns
1000 ps
1000 fs
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Time Type §¢

constant delay: Time:=5 ns;

a <= b after delay

Jlo
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Boolean Type &9

2ol oo False 9 True )lade 95 11> boolean go5 °
D9 0 Juols LS 93 A lie 25le ihiis i 4oyl boolean gg5 ¢

Dl flqr-ﬂ /= 9= <=L 2>= 2 GLB)Q& L.! .l-”)-{.l 92 O O":D'UA Jl 6'4-\&3.‘3.0 CJL.Q-Lo-C "
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Boolean Type ¢y
93 511038 dwlie pa b 1) il b g @ dae 95 45 S g VHDL b (sldab o 2 J0wo

Dasequal 41,0 S0 ol e o3 92axequal 1)1 8L 0l ealbdae
entity equalcom is
port (
a : in bit vector (3 downto 0);
b : in bit vector (3 downto 0);
equals : out bit);
end equalcom;

architecture equalcom arch of equalcom is
begin

equal <= ‘l’ when (a=b) else ‘'0’;
end equalcom arch;

&)
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Boolean Type §¢

yl‘/;f.ﬁb
o lows 8151
Semnan University
4L oo False g True O ) oty o dos s If bt Ol jle o Pl
if r = ‘1’ then if a>b then
g, TR MAX <= a;
end if; alse
MAX <= b;
end if;

if a/=b then
MIN <= a;
end if;

49



Boolean Type &g

=5 XNOR 9 XOR :NOR :NAND :NOT (OR AND _iihie sl Shoc x5 )5 boolean g

if (clock’event AND clock='1’) then
q <= d;
end if;

Sgdse Jol>

&)
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Std_Ulogic Type  Std_Logic Type §¢

i =5 bit g L aS 1" 5 0 lade 95 w o9de (Jliowd slajloe ilwdnd )5 °

Db o s (5590 polie (259l o

5o (G

‘U’ |Uninitialized

‘X’ |Forcing Unknown

‘0’ |Forcing ‘0’ Strong ‘0’

vi1* |Foreing ‘1" Strong “1°

‘Z’" |High Impedance

‘W’ |Weak Unknown weak ‘0’ or ‘1’
‘L’ |Weak ‘0’ (read)

‘H’” |Weak ‘1’ (read)

Don’ t care

#

library ieee

leee.std logic 1164
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Type ¢

iIC

_Logi
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Std_Ulo

OBS15,8 sy
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23 86 Go5bt Sl 5)lailinl dulS hls & 30 1) Cuje ol std_logic g4
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Std_Ulogic Type Std_Logic Type §¢ o
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o lod Lo o3 std_logic jloslawl L1, ) Jloe

library ieee;
use ieee.std logic _1ll64.all;
entity buf is
port(a,b : in std_logic;
oe : in std _logic;
y : out std logic;
end;
architecture bu of buf is
signal x:std_logic;
begin
X <= a nand b;
Yy <= X when oe='0’ else
end;
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Std_Ulogic_Vector Type ¢Std_Logic_Vector Type §9

std_ulogic_vector g std_logic_vector g4 jl aw Jl sl4] ,1std_ulogic g std_logic (sl »

.01 std_logic_1164 45wl package )5 s

Ll JoB s Vb slag o (sl 0 caidblb e || JoB8 bit_vector g bit (sl o 45 ol Sdec olos
T

architecture RTL of exm is
signal a,b:std _logic_vector (3 downto 0);
signal c:std_logic_vector (3 downto 0);
begin
a<="0101"; dMowi 45 S &3> ML
a<="1101"; ' >
c<= a AND b;

W P ) b sa sl

end;
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Std_Ulogic_Vector Type ¢Std_Logic_Vector Type & @

wr/;&b
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library ieee;

use ieee.std logic 1164.all;

.......... 4

entity mux is d 0\

port (a,b: in std_logic_vector(3 downto 0); 0
s: in std_logic;
o: out std_logic_vector(3 downto 0)); 1 4

end; 1
architecture data of mux is /(
S

begin
o <=awhens='0'elseb;
end;
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architecture RTL of example is
signal a:std _logic_vector (7 downto 0) ;

Aggregative
Assignment

begin
[a<=others=>' 0r > |l > a<=others=>'2z’;
end; lvl J:L
1) ‘0" Jladie cCaml Caw Cadans 45 @ slacun plod 231> ‘2" laie @ slacw plos 4

a<=“"00000000"7; a<=“zzzzzzzz";
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a<=(1=>'1’

Others IS O bs b JUiSow Lowass

4

J=F 17

, others=>'0");

bl okl w31 2L others & )Le
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Ol 8 pmo

P O oty JUSw 4 (s lade jamass ) others JS O le
“Conditional Signal Assignment”
dod o0 wbgs o When ... else g case sl
begin
f<=a when sel="00" else

¢ when others;
end
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Olgi 9 (abs) sl 33 NOT sla ,Slos ()

@ b 9 pewis Mode rem sl Sloe (¥
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(=) solwi 5 (/3) Sslwi pae < <= > > i sl ,Shos (I

AND 5 OR .NAND (NOR XOR XNOR ik sy Slos (0
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res <=

res <=

VHDL ,5 b Shos

a AND NOT (b)

(a AND NOT (b))

OR

OR

NOT (b) AND b;

(NOT (b) AND Db);

&)
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ciio s Shos
S50 Oldos (5l » 45 2w AND 9 OR (NAND NOR XOR XNOR Jolt ihie sl Shoc

»sliw| Boolean o std_logic_vector «std_logic L bit_vector g bit g4 sla Sy

Rl T

Low Jl SO $9) » sibie Oldos std_logic_vector g bit_vector sl >

Dedge Jol> S b Cow O)go s oS 9 D9 0 plonl
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Oldos (sl 0 5 22wy rem 9 mod abs (Olgs ‘(M)/ Ko o b Slos o
gy sbdlSw ) Labuls jl ssliwl L o integer g9 LS (o)

.29 5o plowil jui std_logic_vector
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std_logic_vector & g0t S b 9 a = Mz 232 90 €S dww g (slael 0 o
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Semnan University

DR SUM L |) doxis 9 XS &o= oB L1 dlead ey porigesinan

library ieee;
use leee.std logic 1164.all;
use ieee.std logic_unsigned.all;

entity sample is
port(a,b:in std_logic_yector(S downto 0) ;
sum:out std logic_vector (3 downto 0));
end;
architecture al of sample is
begin
sum <= a+b;
end;
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g....p»wt&@;.‘.l,._TctS.;.:.:Su.o'oD.cl,.:.:.Su.o«.._._LLPapl)xldlgab,il.:wl°

oaw| (False Cuw o) L.v. «True

o2l pled 4ol &S i () Solwi 9 (/=) ol pas < <= > = ol L Shoe ¢

2&L s False L, True = Boolean (Oldes

9 28 2lgh oo £95 o Sl /= 9= Sl Slos (00 Nad co dumlie 02 b 45 olassl ! °
2L bit_vector L Integer g4 jl Gl ()Soe < <= > >= sl S sl »

if ( (A=B) AND ((C>D) OR (E/=F)) ) then
Y <= ‘17;
end if;
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architecture examplel of concatenation is
signal byte:bit vector (7 downto 0);
signal A BUS , B BUS : bit vector(7 downto 0);
begin
byte <= A BUS & B BUS;
end examplel

wr/;&b
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A_BUS

byte

& ol Shos

A_BUS (3)

A_BUS(2)

A_BUS (1)

A_BUS (0)

B_BUS

B_BUS (3)

B_BUS (2)

B_BUS (1)

B_BUS (0)
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architecture example2 of concatenation is
signal Z BUS:bit vector (7 downto 0);
signal A,B,C,D : bit;
begin
Z BUS<=A & B &C &D;
end example?2

L) ey Sl GadlSamw 9 355 g0 JB O )le Cul) S b s L (&) Oxibunz jSles
Sl g o2
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Behavioral Level

Dataflow Level

(RTL)

Structural Level

(Hierarchy)

VHDL b Jluows slajlae >1b

(Top-Down) b 4 Vb > 505, L
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counter <= counter + 1
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a <= a xor b
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3940 00 234el RTL O ) 904 Jloe Canogi O g0

&)

wr/:&b
o‘ - °1§ e .‘a
Semnan University
o358 oy

76



Structural g jlwJwo b o o

LbQT Jlas| )).b 9 wihs )l 6|¢Lc,»:gu DYy e cui'ag) O‘-’-' ™
D9 50 A0 g3

9290 o0 Sl Slebid L LeuwS 4l )l d9 g0 yaine 9y oyl s>
2yls bli)l e b GoS>

9 Wlahd L ol SLs Sob O g0t Olgiee ) lae Olgs oo JSw (I be
D900 Camogi (Hierarchy) ol e disds O 904 o1 Jlasl b

&)

wr/;&b
o‘ - °1§ e .‘a
Semnan University
OS158 pusy

77



Structural gl o b Gwo o

S 2S o 3y JS 7 b SO ead g jiiw yljul 4 1) Behavioral Jas )51

abls jlo 6oL Helccuw Hlade 9 ablo dgy 'o).é cC)b ol ol (Sees

2L 428135 IS e pao by 9 2bL

Lo Spain 7 b ogb o3l st )il 4 Structural Ciwogs ST Ll e

&)

wr/;&b
o‘ - °1§ e .‘a
Semnan University
OS158 pusy

78



gr/;@b
I ob.o.u: Dmu
Package ] Semnan University
Entity k Port
] |
(_ . -
Silwdse b Caogs Silwdse b Caogs Silwdae b Cauogs
Dataflow Behavioral Structural
Jluzw > Jloe L Jlow s Hlae Jbaw > Jlae
| |
Concurrent I
Statements Concurrent Process Sequential Statements
Statements - g
s jats Eolijlic w9 e paw Cay U (o )5 Ol)lee

Ole jod Ol)Le

79



Concurrent ) wg,;s» VHDL L Dataflow g jlw Jowe b oo
o5 5 & 50 51 (VHDL
praaw 9 3 Olabd sy 29,5 9 gy Jail (NeSz ey o2l s
D9 o0 o gi Jlm >
G5z 9 25 0 U Jloe SO Jshy &5 d9d e 23l gy Dataflow civogs )o

23 9 335 oo Jloe Ciliie SlaCiomd jl 9 3l oS 5 Jloe 5399 Sl SIS
9 )0 79N> b Cale

L osle ygba L Oljud ysba JUSw Lamass Ojler L Joo ol VHDL 5 °

D945 g plonil (Ole jo2d VHDL) Oljle Lo )l O 9004
Simple or Concurrent Signal Assignment Statements
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[ BEGIN
YV oyle
Yok
Y ole
END

a <= a XOR b;
¢ <= a AND b;
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Concurrent Signal Assighment Statement or Simple o p1SS1>

Semnan University
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Target Signal <= Expression;

Ls s <= a XOR Db;
JUSww <=VHDL & )le ;

(Types) slags sbils 2L Oole B)b 95 JSw 4 Golads japass )
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O geod; cOut g sum sla >9,5 cin g b 5a a9,y b (FA) JolS 0258 Re>

a St )J)JS.&
=

bﬁ - sum b#D

cin

G ,
b a cin — ) )—cout
' 4 .

Full adder | . cin—.}

(FA)
sum

cout <«
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library ieee;

VHDL ;0 JUSw 4 & ywio Lluid ! b awasi
Concurrent Signal Assignment Statement or Simple

use ieee.std logic 1164.all;

entity dataflow 1is

port(a,b,cin : in std logic;
sum,cout : out std logic);

end;

architecture df of dataflow is
Begin
sum <= a Xor b xor cin;

end

cout <=

(2 and b) or (b and cin) or (a

and cin) ;

&)
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yv2 <= Transport(A and B) after 7 ns;
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D s B gy 0
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JEw <= 1 oyle whenb,st else Y o,le;
Y <= A when sel='1l’ else B;

sum <= (a xor b) when c='0’ else NOT(a xor b);

Z <= a when sell=‘0’ else
b when sel2='1’ else
Cc;

R, D90 podRe Cawd Aol Udigd oo Cond ol 4 VU Jl i o b b

231 Cogdsl ol 4 VL Sl Olbe
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library ieee; o
use lieee.std logic_1164.all; sliows olE.E15
entity maxwhen is Semnan University
port(a : in std _logic_vector(3 downto 0); S
b in std_logic_vector (3 downto 0);
c : in std_logic_vector (3 downto 0) ;
d
s

]

in std _logic_vector (3 downto 0); A
in std_logic_vector(l downto 0) ; —1
x : out std _logic_vector (3 downto 0)); b MUX 73 x
End maxwhen; Wi ol —
architecture maxwhen arch of maxwhen is =
begin e
X <= a when (s='00’) else ’—_’/;TF
b when (s='01’) else
c when (s='10’) else
d;

end maxwhen arch ;
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molde jl SO b b o> 0 9 Sl Conditional Signal Assignment g, 4o < N9y o2
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with s select
Z <= a when ‘'1l’,
b when ‘0’ ;

b i (when .. else) b b Ojgot JiSuw 4 (G)lade jamwazs by Jd
Ogods yamass b9y 2> S Joge )3 Migdhee Cand b 4 Vbl Cui be
9 Db g0 w2 Olojod ctlie (s plw )3 D Jb plos (With ... select) oLl

35135 o2 4 Casd Do)l
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~r

’library ieee;
use ieee.std logic 1164.all;
entity maxwith is

port(a : in std logic vector (3 downto 0);

: in std _logic_vector (3 downto 0);

in std logic vector (3 downto 0);
in std logic vector (3 downto 0);
in stq_logiq;vector(l downto 0) ;
out std logic_vector (3 downto 0));

LB e PR o B o

)end maxwith;
architecture maxwith arch of maxwith is
begin
with s select
x <= a when “00”7,

b when “017,

¢ when “107,

d when others;
end maxwith arch ;
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process Jsls Slle 9 35 oo U3 7 b o CSiud )T 4oy s (Process) uws m
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Ll B9 pme sequential VHDL ¢ 45 29 o0
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End

I A
process
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BEGIN |

Y Ooke
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nols

End
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architecture ... of ... Is
begin

end architecture;

V s
Process
Y or—in
Process
u=F el e
L
oM VHDL

VHDL g (process) wwy ¢
(sequential VHDL) i ¥
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(sequential VHDL) o 5 VHDL g (Process) _wwwg o

gl‘/al;b
. el = . o -y Lioww 015010
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=905 Oogopl puk 53.33,5 0 Golus q (29,5 39 r="0" 519 33,5 1 l 0
lib IEEE: e gise
t:s;agEE.std_logicJ164»all, S ""’l"’“" P o

entity flipsrbe is
port (
s in STD_LOGIC; f —
r. in STD_LOGIC:
q: inout STD_LOGIC
):
end flipsrbe;

architecture flipsrbe_arch of flipsrbe is
begin
process (5,r.q) -{1)
begin
if s='0" then -(2)
q<="1",
elsif r="0' then --(3)
q<="0",
else q<=q, -~(4)
end if,
end process
end flipsrbe_arch.
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(Process) wwg g 39 (b Ol yls g7

ul.p.o.w alRisla
Semnan University
if condition then _ . — OS3558 o
statement 1 if r = ‘1’ then g<='0’;
else else_q<-q,
statement 2 end if;
end if;

if condition then if conditionl then

statement 1

|
1
i
statement :
end if; : elsif conditionZ2 then
: statement 2
1
else
if a/=b then i - .
sStatemen
MIN <= a; !
| end if;
1

end if;
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ul.n.o.w al&idla

Semnan University

2> 455 )8b dpwm g D QWIS (sl 2 behavioral O )s04 VHDL 4.U . 1

Ded Jie Q 29> 4D (39,9 Olelbl (clk) celw b 2355,V0 4

d— g

clk—?

101



(Process) wwg ¢ 39 (b o ol b
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oo 8151
library ieee; Semnan University
use ieee.std logic 1164.all; e
entity flip is
port(d,clk : in std logic;
q : out std _logic);

end flip;
architecture flipclk of flip is
begin
process (d,clk)
begin
if (clk’event and clk='1’) then g<=d;
end if;

end process;
end;
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(Process) ywwy » 39 b g Of )l e

ob.o.u: bmh
Semnan University

library ieee; SIS o
use jeee.std _logic_1164.all;
entity flipclk is

port(d,clk : in std logic;

behavioral ¢ 4 VHDL <UL
q : out std_logic); B i

end flipclk; S 59U duwg D QU (sl 0
architeci.:ure flipclk arch of flipclk is (clk) caelo A ———
begin i s
process (d, clk) Jite Q 29,5 4 D (539,9 Olelbl
begin .
if (clk’event and clk='0’) then g<=d, G
end if;

end process;
End flipclk arch;
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processrgppoe @3

library ieee; et
use ieee.std logic 1164.all; gﬁ:iﬁﬁ;
entity flipclk is 038 o

port(d,rst : in std logic;
elk : In std;;ogic;
q : out std logic);
end flipclk;
architecture flipclk arch of flipclk is
begin
process (clk,rst)
begin
if rst='0’then g<='0’;
elsif (clk’event and clk='1l’) then g<=d
end if;
end process;
end flipclk arch;
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(Process) gwwg 9 39 b Ol ls
library ieee;
use ieee.std logic 1164.all;
entity registerl is
port(a: in bit vector (7 downto 0);

clk : in bit;

d : out bit vector (7 downto 0));
end entity registerl;
architecture beh of registerl is

begin
process (clk)
begin
if (clk’event and clk='1l’) then
d <= a;
end if;

end process;
end architecture;
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library ieee;

use ieee.std logic_1164.all; el
entity proc_if2 is oy Lhoww L1
port(a: in std logic_vector (7 downto 0); g Smﬁxigﬂy
B: 1n std_logic_yector(7 downto 0) ; a:::y
equal : out std _logic);
end proc_if2; Eﬂuﬂ
architecture proc_if2 arch of proc_ if2 is |
begin R
process (a,b) l):::>
begin
if a=b then
equal<='‘1l’
else
equal<='0’
end if;

end process;
end proc_if2 arch;
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case condition statement 1is SIS e
when condition statement => statement 1
when condition statement => statement 1

when others => statement n
end case;
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library ieee;
use ieee.std logic_1164.all;
entity casel is
port(a: in std logic;
b: in std_logic;
sel: in std logic;
c : out std logic);
end casel;
architecture casel_arch of casel is
begin
pro: process(sel,a,b)
begin
case sel is
when ‘0’ => c<=3a;

when others => c¢<=b;

end case;
end process;
end casel qrch;
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library 1eee;
use ieee.std logic 1164.all;
entity casel 1is
port(a,b: in std logic vector (3 downto 0);
sel: in std:logié?

& 2 out std_logic_vector(3 downto 0)) ;

end casel;
architecture casel arch of casel 1is
begin
pro: process(a,b,sel)
begin
case sel 1is
when ‘0’ => c<=a;
when ‘1’ => c<=b;
when others => null;
end case;
end process;
end;

b=

sel
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D9 g0 3kl SigNal j1 Vgore OleMbl 2olos (s dataflow ciwogs )

25 0 JS 4 (variable) e (Oleldbl o usd 9 (IS (sl o JLSww » 29l process o

Count : process(clk)

variable cnt:Integer;

begin

cnt

end process

cnt + 1;

Syt
process pl: process (laJlSuw Cuwd)

bl { variable pl: gy

begin
Olhle Jolih process <

end process process pl;
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process o (variable) wio o 9,0

variable
variable
variable
variable

variable

count bit bit:='0’;

VAR1 Boolean False;

Integer range 0 to 255:=16;
sts bit bit vector (7 downto 0);

count,overflow Integer;
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library ieee;
use jieee.std logic 1164.all;
entity counter int is

port(clk: in std logic;
count : out Integer range 0 to 255);

end counter_int;
architecture behavioral of counter int is

end;

begin
process (clk)
variable cnt : Integer range 0 to 255

begin
if (clk’event and clk='1l’) then
cnt = entdl;
end if;

count <= cnt;
end process;
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process o signal gvariable oW

begin

signal x,y,z : bit;

process (y)

begin
X <= Y,
z <= NOT x;

end process;
end architecture;

begin
process (y)
variable x,z : bit;

begin
X =%,
Z = NOT X:

end process;
end architecture;
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loop &l>

for .. loop 4>
while .. loop 4il->

2olw 1OOP 4il>
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for ... loop 4>

oo dlawi 4 VHDL 4ol 1o b oS )l stownd sl =1 9 1SS (sl 0 29, fOr ... looOp 4il> ¢

.| process J=1>

for i in 3 downto 0 loop;

for i in 0 to 3 loop;

for ... loop dil> IS0 ) *

[cwnz 0] @ fOr 1 Jossd9o=e lOOp

b Oobe

¥ Ole

Y ole
end loop [wcww= ]
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9 XS dunlis o L1 b ga s pmaie F 4T 55 juolic 45 2w sy VHDL 4l

DS LU Rl M gz )3 235 pl 0 o b alT 95 jolis 5 (Fose 1>

a(0)

b(0)
a(l)

b(l)
a(2)

b(2)
a3)

b(3)

equals(0)

equals(1)

tquals(2)

equals(3)
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for ... loop 4>

gr/;@b
i . ob.o.u: ol
||brary IEEE; Semnan University
use |[EEE.std_logic_1164.all; OBl

entity forloop1 is
port (
a: in STD_LOGIC_VECTOR (3 downto 0);
b: in STO_LOGIC_VECTOR (3 downto 0);
m:out STD_LOGIC

end forlc;op1 :

architecture behaviour of forloop1 is
signal equals: STD_LOGIC_VECTOR (3 downto 0); -(1)
begin
process (A.b)
begin
foriin 3 downto 0 loop
--sequence of statement
equals(i)<= a(i) xnor b(i); -(2)
end loop,
endprocess,
m <=equals(3) and equals(2) and equals(1) and equals(0); -+(3)
end behaviour;
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for ... loop 4> @
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for ... loop 4>
||brafy 'EEE; gr/;&‘b
use |IEEE.sld_logic_1164.all, ool LN
Semnan University
OBli8 oy

entity forloop2 is

port (
ab: in STD_LOGIC_VECTOR (3 downto 0);
cin: in STD_LOGIC;
sum: out STD_LOGIC_VECTOR (3 downto 0);
cout: out STD_LOGIC

).
end forloop2,

architecture behaviour of forloop2 is
begin
process(a,b) -~{1)
variable c:std_logic_vector(4 downto 0); -~(2)
begin
¢(0).=cin;
foriin0to 3 loop -{3)
sum(i)<=a(i) xor b(i) xor c{(i); -{4)
c(i+1):=(a(i) and b(i)) or (b(i) and c(i)) or (a(i) and c{i));
end loop. --(6)
cout<=c(4); A7)
end process;
end behaviour,
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for ... loop 4> 4 exit o ,ls @

G 5(45.11
ulmcwv a8l

Semnan University

slaws 45T 5929 b 4 loop dil> jl z)5 4 sl p)Y 25 VHDL Slile 1yl o i
bbbl OLL Sl () See fOr ... lOOp dil> s )l ST

process (a) -
variable int_a:intege )
begin yexr; -=(2)
int_a:-a; } (3)
for 1 in 0 to 50 100 _: . .
- F (int_a <=0) thei __:;; exit [w)-l] [When .b)..w]
exit; e (6
else - (6)
int__a: =int a -1 o
end if; - . --EZ;
end loop; - (9)
e T ==(11)

end process; ' --(12)
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for ... loop 4> ;0 Next o ,ls @

wr/;&‘b
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Slaul 4 9 d9d B o Next jl s O)be So9b 0 el loOp @il> )5 Next O le * 8

Do el som sadil> 9 55,5 0 dil>

Process (a,b) -=(1)
begin
for 1 in 0 to 50 loop -=(2)
if (done(i)=True then --(3) next | ] [when b,a]
next; --(4) ¥ e >
else
done (i) :=True; -=-(5)
end if; --(6)
g(i)<=a(i) AND b(i); --(7)
end loop; --(8)

end process;
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while ... loop 4>

DAL (True) Cunys b b &5 89 U 3gd oo Cowd b 1wl while ... loop dil> > *

b o OLL loop s (False) cuw 53U b ub 4l jame 4 9 2L o wlslloop sl )=l

process
begin
while (b,%) loop
Bgh o )zl o pw Caly Ollae
end loop;
end process;
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while ... loop &>

proceBB
variable clock:bit:='0"';

pegin
while error_flag='0' loop --(1)
clock:= NOT clock after 50 ng;-- (2)
end loop; --(3)

end process; --(4)
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oolw loop 4>

398 g0 03kl €Xit & )le b Vgone 53w l0OP dil> *

architecture infinit loop of my entity

end;

begin

process( )

exit;
end loop;
end process;
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oslw looOp 4>
Procegg
begin
100p
clock<=NOT clock; --(1)
wait for 50 ns; -=-(2)
if error flag='l' then
exit; --(4)
end if; -=-(5)
end loop; -=(6)

Process; -=(7)

-=(3)
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for ... generate o ,ls

259 pod O guody 9 Cawl )1 EICSw I Somd oS L 1SS sl fOr ... generate O Le *

[lablel L cowz o ]
Ole joid Ol)le

end generate;

£for 1 Iin ..

D9 o | > (COncurrent)

to .. generate
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for ... generate o ls @
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library ieee;
use ieee.std logic_1164.all; o
entity adder 4b is eSS
port(a,b: in std logic vector (3 downto 0); »mnan University
c_in : in std logic; S
sum : out std logic vector (3 downto 0);
c_out : out std_logic; | B
end;
architecture beh of adder 4b is
signal c¢ : std _logic_vector(4 downto 0);
begin
c(0) <= c_in;
gen : for i in 0 to 3 generate
sum(i) <= a(i) xor b(i) xor c(i);
c(i+l) <= (a(i)and b(i)) or (a(i)and c(i)) or (b(i)and c(i)) ;
end generate;
c_out <= c(4);
end;
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archi
signa
begin

end;

tecture Data_flow of adder_4 is

1l c¢c : std_logic_vector (4 downto 0);

c(0)<=c_in;
sum(0)<=a(0) xor b(0) xor c(0);
c(l)<=(a(0)and b(0)) or (a(0)and

sum(l)<=a(l) xor b(l) xor c(l);
c(2)<=(a(l)and b(1l)) or (a(l)and

sum(2)<=a(2) xor b(2) xor c(2),;
c(3)<=(a(2)and b(2)) or (a(2)and

sum(3)<=a(3) xor b(3) xor c(3);
c(4)<=(a(3)and b(3)) or (a(3)and

c(0))

c(1))

c(2))

c(3))

or

Or

or

or

(b(0) and

(b(1)and

(b(2) and

(b(3) and

c(0));

cliy) ;

e{2)) ;

et3) )
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Operator | Name Explanation

= equivalence is some value equivalent to some other value?

ifi= non-equivalence is some value not equivalent to some other value?

< less than is some value less than some other value?

<= less than or equal is some value less than or equal to some other value?

> greater than is some value greater than some other value?

>= greater than or equal | is some value greater than or equal to some other value?
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(VHDL b y5hos) 59700

Operator type

logical
relational
shift
addition
unary
multiplying

others

and

sl

+

*

X* ¥

abs

nand

sla

mod

nor

sra

rem

xXor

rol

xXnor
o —
ror

not

&)
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(VHDL b shos) 555730
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b s& s
ouo.u} 5m1§
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Operator Name Example Result
_ sll | shift left logical result <= "10010101" sll 2 | "01010100"
logical e i : . G " "
srl | shift right logical result <= "10010101" srl 3 00010010
) _ sla | shift left arithmetic result <= "10010101" sla 3 | "10101111"
arithmetic L , . " , i .
sra | shift right arithmetic | result <= "10010101" sra 2 11100101
- rol | rotate left result <= "101000" rol 2 "100010"
rotate
ror | rotate right result <= "101001" ror 2 "011010"

ieee.numeric std

leee.numeric bit

143



Sl © g0 Jhaws byl g ilufuwe b o g
o 30 Al O yood 21,0 L (Structural)

JuSis IC L (component) d4ehd iz I Jlusws Jlae SO S 4GS 0la

L dehd s> jl jw (structural) g sl jbg) L )l ¥lesus 2l b oed
D94 g0 JuSis component

pb 4 dgae L Olabd jl glacgoxe 4 Ol oo L) 22uzmn Jliow s slajloe ®

D905 pamdll Gl b sla)loe

&)

wr/;&b
oLM al&w’ W ’ln:
Semnan University

OS158 pusy

144



SISl © 904 Jhaud b lue giluJuo b i g @
™ 90 dudw © yg0 4 2130 b (Structural) v

Juaie oi 4 45 component slawi O 90 Olgi e |) structural b ¢
D)8 Camogi iloalds
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Syl O g0 Jlsws b slne 5l Jwe b o gd e
™ 0 dudey O y900 210 L (Structural) e

Ry 9 ploil CuS b )3 (51 e ks >1,b L structural Cavogs )51
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SISl © 904 JUaud b jlow g3l fue b ol 27
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sum
— cout
cin
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Sl O 004 JUswd b yluwe g ilwIowe b o 9 @

gr/;@b

<! 0 Al O 004 210 L (Structural) e o825

library ieee;

use leee.std logic 1164.all;

entity fa 1bit is

port (

a: in std logic;
b: in std logic;
cin : in std logic;
sum : out std logic;
cout : out std logic;
) ;

end fa 1lbit;
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SISl © 5004 Jhswd b ylue (5l b o g 7

-y Lo 1RSI
90 dude © y904 (21,0 b (Structural) et
architecture fa 1lbit arch of fa 1bit is
component ha 1lbit port(x,y : in std logic;
s,c : out std logic);
end component;
signal iml,im2,im3 : std _logic;
begin
hal:ha 1bit port map (x=>a,y=>b,s=>iml,c=>im2);
ha2:ha 1bit port map (x=>iml,y=>cin,s=>sum,c=>im3)
cout <= im2 or im3;
end fa 1lbit arch ;
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Syl O yeoa Jhows b yluwo g ilwJwo b o o9
o 30 Adw O ye0 4 2130 b (Structural)

library ieee;
use lieee.std logic 1ll64.all;
entity ha 1bit is

port(x,y : in std logic;

s,c: out std logic);

end ha 1bit;
architecture gate level of ha 1lbit 1is
begin

s <= X XOor y;

c <= X and y;
end gate level;
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Sl © 904 JUms b slne il b o g
! 0 dudw © yeo0 210 b (Structural)

Value at

100ns
w0 a A1l
w1 b AD
w2 cin AD
w3 sum A1l
4 cout BO
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Sl O 00 Jlums b jloe Silwmo b oy 0,
! 30 ddw O 904 21 b (Structural) i

> 2L lacomponent ;| & a entity/architecture L VHDL .U .

> 5 )15 package S L, b o9 39d a3l U138 Lol 4b . (folder) asq,

Ded aslatwl package pl jl 46l o slaul )y use jgus b a5
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component ha 1lbit port(x,y : in std logic;

s,c¢ : out std logic);
end component;

spb Ola 2L Lcomponent > 208 plel 29,5 2909 sapl
250 4=bs entity
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Label : component name port map (portl=>signall,
port2=>signal2, ..);

g oo oz o I () LIS L jwolic Cuwd port map o
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library ieee;

use leee.std logic 1164.all;
entity add 4bit is

port (

a: in std logic vector (3 downto 0);
b: in std logic vector (3 downto 0);

s : out std logic vector (3 downto 0);

cin in std logic;
cout4d

¥
end add 4bit;

out std logic;
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2
architecture add 4bit arch of add 4bit is @liows ol
signal ¢ : std logic_vector (3 downto 0); Smﬂ&ﬂ?“
component full adder port(a,b,cin : in std logic;
sum,cout : out std logic);
end component;
signal iml,im2,im3 : std logic;
begin
U3:full_adder port map(a(3),b(3),c(2),s(3),c(3));
U2:full adder port map(a(2),b(2),c(1l),s(2),c(2));
Ul:full adder port map(a(l) ,b(1),c(0),s(1),c(1));
UO:full adder port map(a(0) ,b(0),cin,s(0),c(0));
coutd4 <= ¢ (3);
end add 4bit arch;
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library ieee;
use leee.std logic 1164.all;
entity full adder is
port (a,b,cin : in std logic;
sum,cout : out std logic);
end full adder;
architecture behavior of full adder 1is
begin
sum <= a Xor b xXor cin;
cout <= (a and b)
or (a and cin)
or (b and cin);
end;
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