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library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

architecture behaviorl of count is

signal databuffer: STD LOGIC_VECTOR (3 downto 0);
begin

dataout<=databuffer;

end behavioral;
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o 1|7 (HalfAdd)

entity HALFADD is
port (A, B : in kit :;

end HALFEFADD

SN, CARRY @ out kbit) ;

A —— = LTM

B —— CARREY

H N B 4579 B Architecture Sk 3 iR




VHDL 45 #)  5,

2. Arcthitecture (Fi&44)
K% T




VHDL 45 4 2 1

o {51 (HalfAdd)

architecture BEHAVE of HALFADD 15
begin

AU0M <= A xor B;

CARRY <= A and B;
end BEHAVE;
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e 5245 (Full Add)-entity

entity FULLADD i=
port (A, B, CIMN : in kbit:

STUM, CARRY @ out bit)

=1icdl BFPUOLLADD
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e 545 (FullAdd)-architecture

architecture STRUIJCT oFf FUOLLADD 1=
s=ignal Il, IZ, I3 : kit;
—— other declarations
e ogin
nl: HATLFADD port map (A, B, T1, T=2) ;
Lt HATLFADD port map (Il, OCTIN, 2UM, T3 -
n>=: ORGEATE port map (I3, T2, CARREY ) ;
=11d SBTRELCT
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entity FUOLLADD 1=
port (A, E, CIN

=M, CARERTY
encd FULLADD:

inn bit:;
ot bit) ;

architecture STEUOCT of FULLADD i=s
sigrnal I1, I, I3 @ kbhit:
component HALFADD
porc (A, E : 1n bit:
STM, CARRY : out kbit) ;
end component;
component ORGATE

porc (&, B @ 1n bit:
&z = out khit) :
end component
bhegin

nl:HALFADD port rmap (i, B, IT1,I2):

= t HALFADD port map (11, CIN, 2TOM, I35 ;

M3t ORGATE port map (I3, I2;, CARRY) ;
encdl STRIJCT:
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VHDL HJFEA SR
bit(f7): "0 Ay
bit-Vector(f7&k=): #l1: 00110
Boolean “ ture”f “false”
time 4. 1us. 100ms, 35
character @  “a’ . ’'n” . ’1’, 0’
string #lun: “sdfsd” . ” my design”
integer 32/ %iln: 1. 234. -2134234
real yu [#-1.0E38~+1.0E38

#lhn: 1.0, 2.834. 3.14. 0.0
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9. natural HIREL 1 positive 1 2%
10. senverity level (% Flassertif AJEC & 1FH )
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Legal declarations:

s1lgnal 2 _BUS: it _wector (s downto 0O);
s lgnal C BUS:bit _wvector{l to 4);

lllegal declarations:

signal E BUS:bit vector(l downtoc 3);
signal C BUS:bit vector(3 to 0);
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s1ignal A, B, =
s1ignal X THNT

it ;
integer;

signal assignment (72— |2 <7

statemeant

A
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¢ 15”?11 =ignal A,B, = : bit ;

=ignal X TKKNT :: integser:
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=zignal Z BUS:bit vector (3 downto 0);
zignal C BUS:bit vector(l te 4);

2 Bla <= C BU&;

s the same as:

Zz BUS(3) <= C BUI(1l):
Z BUS(Z) <= C BUI(z
Z BUs{l) <= C BUS(3
Z BUI(0) <= C BUI(4

Assignment 18 by position!
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'Wﬂ%zji =zignal Z BUS:bit vector (3 downto 0 ;
=zignal C BUS:bkbit vector(l to 4] ;

Legal:

Zz BUS (3 downto Z) <= "0O00O";
C BUS(Z to 4) <= Z BUS(3 downto 1) ;

lllegal:

Z BUS (0 to 1) <= "11";

o Bl TRUELTE R R T [i) AT RS B R ) — A
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o SERRVERE T &

signal = BUS @ bit vector (2 downto 0] ;
=ignal A, B, <, D : kit;

=i1ignal BYTE : kit wvector(y downte 0) ;
signal A BUS @ bit vector (3 downto 0) ;
signal B BUS @ bit vector (3 downto 0) ;

o BUO3 <= A & B & T & D;

=

<g/uc:r:mm:aten atlion
Opperator ;

E¥YTE <= A BUS & B BUS;
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=zignal = BUS @ kbit wvector (3 downtoe 0] ;

signal A, B, 2, D : kit;

=ignal BYTE : bit vector (7 downtoe 01 ;
=_BUS == (A, B, T, DJ;

aggregateﬁg

Z BUS (3] <= A;
Z BUS (2] <= B;
Z BUS (1) <= C;
Z BUS(0) <= D;

edUvalent to




VHDL [ HEANZS 7
. EABAE—FIF S

AL

=ignal ¥ : bit vector(3 downto 0);
=ignal A, B, C, D : hit;
=ignal BYTE : bit wvector (7 downto 0);

[

¥ <= (3=x"1", 1 downto 0=>"1", Z => E);

\%) assianment by name
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o HEE5PE--K Hothers

~~

szignal ¥ : kit vector (3 downto 0);
=ignal A, B, C, D : bkit;
zignal BYTE : bit wvector (7 downto 0} ;

¥ <= (3==T1", 1==T07", other= == BE):

&
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o 25 enumberated

o F%\

type FidERAI4 is (JUFE, JLHE......)
o« {55

type week Is (sun,mon,tue,thu,fri,sat);
type std_logic is (‘1°,’0°,’x’,’2");
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o HEKinteger il SE £ real
o F%a

type A4 is Fi il X
o {5

type week IS Integer range 1 to 7/;
type currentis real range -1E4to 1E4

=l
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« i1 Marray

o %3
type HriE25M 44 is array 75 [l of JoE¥E S
%
o Py

type week Is array (1 to 7) of integer;
type deweek is array (1 to 7) of week;
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o 2R record

o %0

type (35 2R741 44 is recoerd
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type order is record
Id:integer;
date:string;
security:boolean;
end record;
» 5|H:signal flag:boolean;
signal orderl:order;
order1<=(3423,71999/07/07” true);
flag<=orderl.security;
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e Std logiclA]std_ulogic —FEH JLVIRE, T
VF—A~ a2 A~ IR B
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 Std_unlogic_vector#listd logic_vector
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r

array of std_ _ulogic @
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std logic wvector
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Std_unlogic. std _ulogic_vector
std_logic_vectorfl std unlogic_vector 57
%€ X #Epackage(fd) standard_logic_1164F

LEAT FHIX VYRS I ISF I i BAE B,
i 4n:library ieee;

use ieee.std logic_1164.all;
:: standard_logic 11641+ IEEE/4

~7s
|
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makes library visible makes all contents of

@G package visible
library IEEE; Jﬁﬁ;

use IEEE.S5td Logic 1164.all:;

entity MVLE 1=
port (A, B, : in =td ulogic;
z : out std ulogic);
end MVLE ;



REEH B
e -7 std_ulogic Flstd_logic X 5]

s=ignal A, B,= @ =std ulogic:
s=ignal RES = @ =std logic:

Z0FRES = 7

- >
Z <= B;: > < RES = <= B;:
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A 511
o i3] R R EH

signal A BU3 : kit wector (3 downto 0)
signal = BU3 : kit wector (3 downto 0)
signal A BIT,E BIT,< BIT,D BEIT : kit;
signal BYTE : kbit wvector (7 downto 0)

Ty

Ll ]

1. BYTE <= {(QOTHERS => T17);
Y. Z BUZ <= A BIT & E EBIT:;
42.A BUS <= ("1, B BIT, "O0", D BIT):;

4. A BUS{0 to 1) <= (OTHERS => T07) ;

3
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and
nandcl
nor
or
o

Equal precedence

not == Higher precedence
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bhbit

it ~wector

hoolean

=td ulogic wector

=td ulogic
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o RN BT

=ignal A BUS, B BUS, = BUS
std uloegic wecoctor (2 downte 0

Z BUS <= A BUS and B_BUS

@ edJUivalent to;

= BUIS(3) <= A BUS (3] and B B (3]
= BUS(=2) <= A BUS(2) and B BU3 (2)
= BUS({(1l) == A BUS(1l) and B B3 (1)
= BUS({(0) == A BUS(0) and B _BUZ (0)

Ty wx g T
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Operands of same tyvpe

arrays of differaent lengths:

Align Ieft@

w _Ompare to right

1 2 1

1

1 1 1

=reatestl

"ARRAY (K4l WATHCT M, 2l “1117 A7
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1. JHTALEE Cconcurrent)
ERIPAT S BEWT IS, AT
He Ny 118 A B[R] B PR AT R
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» Architecture 1 iE f1) S TR 8] 2
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o THEHblockH HTEf) A2 AT AL PR

o FHEHprocess A E i A A AL B Y
o FHEHtsubprogramH functionfH

procedure 2 Ity Ab B 1Y)
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Arcthitecture (Fig&4R) HIREA N (GGB—P)
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* Block
o F&I\
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o Z/FBlock
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Architecture ' f¥Jprocess

* Process

» ft 2




Architecture ' f¥Jprocess

 processtl ¥




* processtl¥-{E H 55

architecture SECUENTIAL of MULTIPLE 1=

signal Z, A, B, C, D : std ulogic;
begin

process (A, B, C, D)

begin

V== A and B;:
E == Z and D;
=end process ;) - 2 Updated after
=end SEQUENTIAL: DoCcess suUspends

'/\1‘}?:

A, B. C. DVTE—F 5 & AR, SEFEE I HHAT,
HAT Z<=Aand B J5, Z FMEASSZRIARE 5 [FJEPAT
Z<=Cand D J5Z WEWASILEIAZ L. 24 Tend process
JG, ZWEA TG TR, FF REEEITIRZEAHBURE S .




Architecturer

e ProcessH BURAE 5 F1) 26 Fr) - dd JiR D) S -

fEprocessH,
FHER

N

\

1 process

AERS I TR E S 3t

W IAERURA

MUX: process (A, B, BEL]

beglin

1f SEL = "1'" then

goL= A
alze

L <= B;
end 1f;

end process MUX;
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¢« A ﬁﬂl

D2

MIZ: process (A, B)
begin
1t ZEL = "1'" then
S w= A
=]lse
& <= B;
and 1f;
end process MUX;

s EL

A
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e Function (&%)
o F53s
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 Function %1+

Function 9 i) 250 AN H 15 B
J37 R (X R —F 7 [)in)
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e procedure (idFE)

o it
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e Procedurefyl]f




I 404 T 1E A sequential statement

e Waitiify

e assertifinyj

o If iEA]

e caseiffy

o for loopi&fJ
o while i&1]



I AT 1E fsequential statement

e WaitiEfJ
o PERT

e UJHe

waltf’i’ﬂﬁ%éﬁ%ﬁ it (257 T-end process), I,
EoE . FMWLnE, RIRKMRELaTT .




I AT 1E fsequential statement
« Waiti& 51

22 2 i Fprocess' O A BUR(E 5
UERE AN BE A F wait 15 5)




I AT 1E fsequential statement

« Waitif m) 1]+
K process I HHUKIE 5 AR, HARTh K
fiwait 17, Wprocess i AR AR IS IR R BT

Zygg: reESR 5100 nsiclkfs
_%



I AT 1E fsequential statement
e Assertifih) kg

B S Rtrue BT N — 458 0), hfalse B H A e s B
B 1 EE 2

o« {1




I AT 1E fsequential statement

o IfEAJHE




i P304 T 1E A sequential statement

o If BT

process (A, B, C, X)

begin
Alway s if (X = "0000™) then
execlutes |f LA Z <= A;
¥ = Qoo elsif (X <= ™0101"™) then
7 <= B;
else
7 <= {7
end if:;

end process:’;



I AT 1E fsequential statement
o Case it H) gk

JEI 1, EpEn X rE T RS R LA B0, AT LA others
2. HE— M RIRIA X E L GE U] —IX



I P304 T 18 A sequential statement
e Case B 1|1 53R IAZUnT LA 2 R 20

process (A, B, C, X)}
begin
case X Ois

& <<= B-r
when b ==
F <= Cr
when 7 | 9 == cz?%;ﬂmt
£ == Ar-r
when others == @Gthera
Z == 0

aend case -

end process:’-



i P304 T 1E A sequential statement
o Case i&n]|r

proccess (A, B, O, X}
begin
CcCase X Oois
when 0 to 4 =7
z <= Br-r _
when =2 —> A Oy specity
Z  — = OnCce
wrhery F ] © =
s == hAr
when others —> g CUCl
2 == 0 walles

end case -

end proces

L=
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* For loop & )% 2 *For loop &) {1+

YEE IR B AT e ) B AN 2 X



I AT 1E fsequential statement

o {Eloopitf)dnf UL next ik i AL A, B

A LU exit SR Z5 RN R IR




I AT 1E fsequential statement

e While iEAJ#% *While &)1 1
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1. 5 5 (E#EAE
2. T AR E B IR TE )
3. Tk FERIE 5 IR ETE )

AN

AN




H:4T AbFEYE ) concurrent statement

o 5T IEEAE

o B <=7 MRS IR,
o BT LU AR AAT A
o AT LUTIAE AT AL B A
. IR




H:4T AbFEYE ) concurrent statement

o WAETER)H]T

0\

P HAT10 nsfsclr 1, X . = :

it 10 ns)m OMAZS T clr, IR 5};?0%%;3:1(‘):'?;5%%7%16 -~
clr LLAT A1 HF- A E 4, i ’
clrf I AR 2 IR

~
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SR AR 3

YERE: B Jri N Else U2 W20 ) ; ik A o2 1 FTIHE— 1
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enttity testand2 is
port(ain,bin: In nit ; cout:out bit);
end testand2;
architecture behav of testand?2 is
component and2
generic(rise:time); port(a,b: in nit ; c:out bit);
end component;
begin
c<=(a xor b) after (rise);
u0:and2 generic map(20 ns) port map(ain,bin,cout);
end behav



—LEff

T ZR Y i A B
et A?

o {5 SE R E B 7EHFE
] ":iiﬂi" (M'I'N)




el 7

z=ignal A, B, : 1nteger;
begin

process (A, B, C)

variakle M, N : i1ntedgser;
beogin

M = A ;

I E;

S = M 4+ MN:

M = 1_Z;
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