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1. A&

VHDL ¢ &3 7

o IC Bt AW BREG A 2 AA S Wol % FF.

e Top-down A A . Algorithmic level, register transfer
level & high-level o] 5] A A A] =z},
EPx]2~€ 10° —> cell 10" —> block 10> —> module 10'
—> VLSI —> & 2€,

° ﬁi""?“% ‘ﬂ-% > HDL(Hardware Description Lan-
guage) & o]§3le] =g E X,

o CAD tool & o] 3te] AFH 02 (2Rl vt 5559
W 5 ALE3le]) low-level 2] AAE A A.

o AA 77 5, AA B, A3, AL 5HA.

e HDL -2 19703 3¢ @2 #3& 5. CDL, DDL,
ISP, PMS, AHPL £

o TF HDL2 F oA A,
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e VHDL o] FA=
3o g x|z

h

o]+ 1981yd VHSIC program 2] <

o Al 2L BT TEAA F4 1983 2o 7.

¢ Intermetrics, IBM, Texas Instruments £} VHDL & x|
9 zxEg ol Aol dha Aek

e 1985 VHDL version 7.2.

e 1987 129 IEEE Computer Society A+s} VHDL
Analysis and Standardization Group¢] IEEE Stan-
dard 1076-1987% A,

o 1| = IuIA L mjlitary standard 454 %] #A.
e W CAD 3]x}S0] VHDL ]9 tool & tj=o] 7juk,

e 1993 A & version& IEEE Standard 1076-1993 %
=2 A,
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VHDL ¢] &3
e I¥ 59
Ao E FEAA AW FEAA.
— Structural, behavioral, data flow, mixed description.

— Transport, inertial delay model.

— User-defined resolution function.
o A Belo] G A Y

— Package.
— Multiple architecture bodies.

— Generic, generator &% ©|-£3 parameterized de-

sign.
o 37
— User-defined attribute.
— User-defined type.

— Overloading.
e CAD tool 2] 9972 FA|

A gl AFA o,
— Synthesis, timing verification, critical path analy-

sis, testing ol & x| Y H{ZF
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2. 7|18 A

o X A3%le] 9]+ design entity.

design entity = entity declaration(interface)
+ architecture body(behavior)

e —— Entity declaration (comment)

entity mux is
port (x, y, sel: in BIT;
mout: out BIT);

end mux;

—— Architecture body (comment)

—— Behavioral description (comment)

architecture behav of mux is
begin
process (sel, x, y)
begin
if sel = '1" then
mout <= Xx;
else
mout <=1y;
end if;
end process:

end behav;
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Entity Declaration

o Interface & # 2]

— Port

— Generic(Parameterized design o] A}-&)

e Syntax

entity_declaration ::=
entity entity_name is
[generic (generic list);]
[port (port_list);]
{entity_declarative_item}
[begin
entity_statement_part|

end [entity name];

*=

il

3

e 2

0w 1
0 ks

o

])\

O
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Architecture Body
e Behavior & # 9]
o t} &3 7& descriptione] 7}
— Structural description
— Data flow description
— Behavioral description
— Mixed description
e architecture_body ::=
architecture architecture_name of entity_name is
{architecture_declarative_item}
begin

{concurrent _statement}

end [architecture name];
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Multiplexer €] structural description

—— Structural description
library prim;
use prim.gates.all;
architecture struct of mux is
signal selb, t1, t2: BIT;
—— configuration specification
begin
il: inv port map (selb, sel);
al: and2 port map (t1, x, sel);
a2: and2 port map (t2, v, selb);
ol: or2 port map (mout, t1, t2);

end struct;

X tl
al

sl

mout
wb

a2

y t2
G VHDL ] o}5j /




Multiplexer €] data flow description

—— Data flow description
architecture dflow of mux is
signal t1, t2: BIT;
begin
t1 <= x and sel;
t2 <=y and (not sel);
mout <= tl or t2;
end dflow:

mout
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Test Bench

—— Test bench for 2-way multiplexer
—— Entity declaration
entity test_mux is

end test_mux;

— — Architecture body
—— Needs TEXTIO package
use STD. TEXTIO.all;
architecture mixed of test_mux is
—— signal declarations
signal x1, x2, vy, sel: BIT;
—— mux component declaration
component mux
port (x, y, sel: in BIT;
mout: out BIT);
end component;
—— configuration specification

for all: mux use entity work.mux(struct);
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begin

—— component instantiation statement

— — for mux component instantiation

ml: mux port map (x1, x2, sel, y);

—— concurrent signal assignment statements

—— for test vector

sel <= "'0', '1" after 50 ns, '0' after 100 ns,
'1" after 125 ns;

xl1 <="1",'0" after 25 ns, '1" after 50 ns,
'0' after 75 ns, '1' after 100 ns;

x2 <= "'0", "1" after 25 ns, '0" after 50 ns,
'1" after 75 ns, '0' after 100 ns;

—— process statements

—— for displaying simulation results

—— header

process
variable strbuf: LINE;

begin
WRITE (strbuf, " time sel x1 x2 y");
WRITELINE (output, strbuf); wait;

end process:

— 4= VHDL ] o}5j /




— — simulation results

process (sel, x1, x2, y)
variable strbuf: LINE;

begin
WRITE
WRITE

strbuf, NOW, RIGHT, 6);
strbuf, sel, RIGHT, 5);
WRITE (strbuf, x1, RIGHT, 5);
WRITE (strbuf, x2, RIGHT, 5);
WRITE (strbuf, y, RIGHT, 5);
WRITELINE (output, strbuf);

end process:

TN TN TN TN

end mixed;

— 15— VHDL ] o}5j /
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Package

o &3] o]+ typeo|iL} subprogram & 3§ A A Ro}
v Fo2A e old AL Thael LT 4 9
=5 3 =

Cel 722 =g 3% 9o include(header) file}
library(archive) file & o]-&3}¢] type ]} subprogram
& oe ZRadelA THae] AET 5 WA = A

ol
ra

Design entity ¢} v} ZA7}x 8 F FLE O )3,

package = package declaration(interface)

+ package body(subprogram body)

e package_declaration ::=

package package_simple_name is
package_declarative_item

end [package simple name];

package_body ::=
package body package_simple_ name is
package_body_declarative_item

end [package simple name];
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—— package declaration
package four_valued_logic is
type MVL4is ('0', '1', 'X" 'Z"):;
type MVL4_vector is
array(integer range <>) of MVL4;
function "and" (I, i MVL4) return MVL4;
— — other function declarations such as "or" and "xor"
component and?
port (output: out MVL4;
inputl: in MVL4;
input2: in MVL4);
end component;
—— other component_declarations such as or2 and xor2

end four_valued_logic;
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—— package body
package body four_valued_logic is
function "and" (I, : MVL4) return MVL4 is

begin
ifl="0'orr = "'0"then
return '0';
elsifl= '1'and r = '1'then
return '1';
else

return 'X';
end if;
end;

— — other function definitions

end four_valued_logic;
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Design Unit 3} &4

¢ Design unit: Sg 222 #48 4 < D9. entity
declaration, architecture body, package declaration,
package body -&.

¢ Design unit> ¥4 3|9 F7F 3 g (intermediate form)

2 3lo] 5§¢FH 2R library o] A& (library unit).

e Design file2 o] #] 7] 2] design unit &. & o] F-o] x|, o
# 7] ¢] design unit & X33} physical file & 9.

o design file ::= design_unit design_unit
design_unit ::= context_clause library_unit
context_clause ::= context_item
library_unit ::=

primary_unit

| secondary unit

context_item ::=
library_clause

| use_clause
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.« BH

primary_unit ::=
entity_declaration
| configuration_declaration

| package_declaration

secondary_unit ::=
architecture_body
| package_body

A

4

Z = (reference) 3= EE t}E primary unit & ¥
Al 8j| of g}
— Secondary unit & #A3}7] A ) -&3]+ primary
F 3

unit & HA 430
Primary Unit Secondary Unit

Package Declaration P1 ————= Package Body PB1

'

Package Declaration P2 ———= Package Body PB2

'

Entity Declaration E1 —— = Architecture Body Al
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Design Library

¢ Design unito] #4% A9l F7F e 2] z5(library
unit) 7} A A3 = A4

e File o)1} directory & 4.
¢ Resource sharing & 71534 3l &
o Z+7} 2] design library & 3}iv}2] “logical name” & 7}%.

e VHDL & logical name©o] STD ¢l design library & *]
. o]+ STANDARD #+ package £} TEXTIO &+
package & X3},

e WORK #}+ logical name & 7z} design library & #
A8k o) o] A}-83)+ working library ¢

e Library £} o]o] X 8% packaged A}-£3}#™ library

clause 2} use clause & o|-&.

library tech_lib;
use tech_lib.four_valued_logic.all;

—— all declarations in four_valued_logic is directly visible

e Implicit context item:

library STD, WORK;
use STD.STANDARD.all;

=
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3. Lexical Element

e Character set: ISO 646-1983 7-bit coded character
set.

-2 A -7

— Ak 0 -9

—EF EA: "HEL (), - <=>
— space character: space charater

— format effector: horizontal tab, vertical tab, car-

riage return, line feed, form feed

—}"1‘2]- a—z
e B EAR 1SV a V] ()}

e Character literal, string literal, comment £] o] = case-

Iinsensitive.

e Identifier: letter{[ ]letter or digit}.
CLOCK, Clock, clock, D1, D_1A

e Literal: decimal, based, character, string, bit string.
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S
Literal
e Decimal literal:
12 0 1E6 123456 —— A <= literal
12.0 0.0 0.456 3.14159.26 —— Al <= literal
1.34E-12 1.0E4+6 6.023E24 03.14E0 —— A F7F A=
Al 4= literal
e Based literal:
—— integer literals of value 255
241111 1111#46#FF# 01670114
—— integer literals of value 224
16#E#E1 27#1110_00004#
—— real literals of value 4095.0
16#F FF#E+2 24#1.1111_1111111#E11
e Character literal:
IAI |>I<| | I I | ) )
— 24— VHDL ] o}5j /



//

e String literal (array of characters):

"Setup time is too short"  —— an error message
LA —— an empty string literal
Mo mATe —— three string literals of length 1

"Characters such as §, %, and } are allowed in string literals"

¢ Bit string iiteral (array of Bits):

B"1111.1111"
X"FF" —— equivalent to B"1111.1111"
O"377" —— equivalent to B"0.1111.1111"
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S
4. Type¥} Object
Type
e Scalar type
— Enumeration type
type BOOLEAN is (FALSE, TRUE); —— predefined
type BITis ('0', "1"); —— predefined
type MVL4is ('0', '1', 'X"' 'Z"):;
—— overloads '0' and '1'
— Integer type
type BYTE_LENGTH_INTEGER is range 0 to 255;
subtype HIGH_BIT_LOW is
BYTE_LENGTH_INTEGER range 0 to 127;
type INTEGER is range implementation_defined;
subtype NATURAL is
INTEGER range 0 to INTEGER "HIGH:
subtype POSITIVE is
INTEGER range 1 to INTEGER "HIGH:
—26 — VHDL ] o}5j /



— Physical type

type TIME is range implementation_defined

units
fs: —— femtosecond
ps = 1000 fs; —— picosecond
ns = 1000 ps; —— nanosecond
us = 1000 ns; —— microsecond
ms = 1000 us; —— millisecond
sec = 1000 ms; —— second
min= 60 sec; —— minute
hr = 60 min; —— hour

end units;

—~{I
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type LENGTH is range 0 to 1E10

units
— — primary unit:
A; —— angstrom
—— metric lengths:
nm = 10 A; — — nanometer
um = 1000 nm; —— micrometer (or micron)
mm= 1000 um; —— millimeter
cm = 10 mm; —— centimeter
m = 1000 mm;—— meter

—— English lengths:
mil = 254000 A;—— mil
inch= 1000 mil; —— inch

end units;
— Floating point type

type REAL is range implementaion_defined
type PDF is range 0.0 to 1.0
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e Composite type

— Array

type MY _WORD is array (0 to 31) of BIT;
—— a memory word type with an ascending range
type DATA IN is array (7 downto 0) of MVL4;
—— an input data type with a descending range
type STRING is array (POSITIVE range <>) of
CHARACTER;
—— an array type predefined in package STANDARD
type BIT_ VECTOR is array (NATURAL range <>) of
BIT;
—— an array type predefined in package STANDARD
type MEMORY is array (INTEGER range <>) of
MY _WORD:;
—— a memory array type
subtype BYTE is BIT_ VECTOR (7 downto 0);
type MEMORY1 is array (0 to 31, 7 downto 0) of BIT;

type MEMORY?2 is array (0 to 31) of BYTE;
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— Record

type DATE is
record
DAY : INTEGER range 1 to 31;
MONTH : MONTH _NAME;
YEAR : INTEGER range 0 to 4000;

end record;
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e Access type

\\

new NODE — — takes on default initial value
new NODE' (15 ns, null) —— initial value is specified
new NODE' (Delay => 5 ns, Next => Stack)

— — 1nitial value is specified

new BIT_VECTOR'("00110110")

—— constrained by initial value
new STRING(1 to 10) —— constrained by index constraint
new STRING —— illegal: must be constrained

type ADDRESS is access MEMORY
variable addr : ADDRESS := new MEMORY;
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—— recursive access type
type CELL; —— incomplete type declaration
type LINK is access CELL;
type CELL is
record
VALUE : INTEGER;
SUCC : LINK;
PRED : LINK;
end record;
variable HEAD : LINK := new CELL" (0,null);
variable NXT : LINK := HEAD.SUCC;
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—— mutually dependent access types
type PART; —— incomplete type declaration
type WIRE; —— incomplete type declaration
type PART_PTR is access PART;
type WIRE_PTR is access WIRE;
type PART _LIST is array (POSITIVE range <>)
of PART_PTR;
type WIRE_LIST is array (POSITIVE range <>)
of WIRE_PTR;
type PART_LIST_PTR is access PART_LIST;
type WIRE_LIST_PTR is access WIRE_LIST;
type PART is
record
PART NAME : STRING (0 to 20);
CONNECTIONS : WIRE_LIST_PTR;
end record;
type WIRE is
record
WIRE_NAME : STRING (0 to 20);
CONNECTS : PART_LIST_PTR;

end record;
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o File

— type SFT is file of STRING  —— Defines a file type that
—— can contain an indefinite
—— number of strings
type NFT is file of NATURAL —— Defines a file type that
—— can contain only non-

—— negative integer values
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Object

o F9]% type?] 7} 7}AH constant, variable, signal &
3 (VHDL-93¢]] 4] file $7}9).

¢ Constant

— Declaration %-of|&= 1 Zko] ¥ 7 ol=l,
— constant Pl : REAL := 3.141592;
constant CYCLE_TIME : TIME := 100 ns;

constant Propagation_Delay;

e Signal

~ A7kl Wt gro] Wal & FHA S 7HAIE object.

— 3} == o /)¢ driver & 7FA| Y driver & &€ 2] 2]
3 AAsl= A e TH.

— Assign® zto] vl 3ts ZA.

— signal S: BIT_ VECTOR (1 to 8);

signal CLK1, CLK2 : TIME := 0 ns;
signal OUTPUT : WIRED_OR MVL9;
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¢ Variable
— Assignment statement & o]-83le] 7 Z+ & vlEF $
o) 6, signal® <] 1 g}o] k] u}H.
— wvariable INDEX : INTEGER range 0 to 99 := 0;

— — initial value is determined by the initial value

— — expression

variable COUNT : POSITIVE;
— — initial value is POSITIVE'LEFT, or 1

variable MEMORY : BIT_ MATRIX (0 to 7, 0 to 1023);
—— initial value is the aggregate of the initial value

— — of each element
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o File

architecture table of rom is

type MVLA4 file is file of MVL4 vector (7 downto 0);

file rom_data: MVL4 file is in "rom.dat";
begin
process —— (sensitivity list)
variable first_time : BOOLEAN := TRUE;
variable data : MVL4 vector (7 downto 0);
variable mem is array (0 to 31) of
MVL4 vector (7 downto 0);
variable address : NATURAL := 0;
begin
if first_time = TRUE then
— — initialization
while not endfile(rom_data) loop
read(rom_data, data);
mem(address) := data;
address := address 4+ 1:
end loop;
first_time := FALSE;
else
—— behavior of rom
end if;
end process:
end table:

—~{I
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5. Structural Description

e 3l=9) o] & subcomponenet ] HZ 2 X4,
e DA TE Y 24

— Component declaration.

— Component instantiation.

— Configuration specification.

— (Fenerate statement.
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Componenet Declaration

e Subcomponent & instantiation dle] A}-£3}7] A o] 7}A}

Aoy A =.

¢ Subcomponent 2] interface & A ¢J.

e component dff
port (d, clk, rst: in MVL4;
q, ¢b: out MVL4);

end component;

component and.n
generic (tplh, tphl: time := 0 ns;
n: positive := 2);
port (x: in MVL4 vector(1 to n);
y: out MVL4);

end component;
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Componenet Instantiation Statement

e Design entity )¢} subcomponent instance & }El)
m 7 instance &] port £} signal @] 972 & T3} o A}

£.

e component and?2
port (y: out MVL4;
inl, in2: in MVL4);

end component;

al: and2 port map (load, clk, ena);
— — positional association
a2: and2 port map (inl => clk, in2 => ena,
y => load);

— — named association
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component and.n
generic (tplh, tphl: time := 0 ns;
n: positive := 2);
port (y: out MVL4;
x: in MVL4 vector(1 to n));

end component;

a3: andn port map (x(1) => clk, x(2) => ena, y=> load);

—— use default (n = 2)

ad: and n generic map (n => 3)

port map (load, x(1)=>clk, x(2)=>ena, x(3)=>1st_b);

— — positional association followed by named association

component dff
port (d, clk, rst: in MVL4;
q, ¢b: out MVL4);

end component;

d1: dff port map (d(1), load, rst, r(1));
d2: dff port map (d(2), load, rst, open, rh(2));

— — unconnected port

ol 3] //

— =
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//

Configuration Specification

e Component declaration< 7}AA ¢l component 5 A
9.

e Component instantiation statement += ¢] 7}A43 com-

ponent & instantiation 3| 4] A}-£&.

e Library ] ¢] design entity £} componenet instance £}
9] binding ¥ 8 — configuration specification 3} con-

figuration declaration 1 2] component configuration.

o —— example 1
entity andn is
generic (tplh, tphl: time := 0 ns;
n: positive := 2);
port (output: out MVL4;
inputs: in MVL4 vector(1 to n));

end andn;
architecture behav of andn 1s
begin

end behav;

=
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component and.n
generic (tplh, tphl: time := 0 ns;
n: positive := 2);
port (y: out MVL4;
x: in MVL4 vector(1 to n));

end component;

—— configuration specification
for al: and n use entity prim.andn(behav)

port map (inputs => x, output => y);

al: and n generic map (n => 3)

port map (load, x(1)=>clk, x(2)=>ena, x(3)=>1st_b);
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—— example 2
entity dff is
port (d, clk, rst: in MVL4;
q, ¢b: out MVL4);
end dff;
architecture struct of dff is
begin
end struct;
architecture behav of dff is

begin

end behav;

—4—=
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component dff
port (d, clk, rst: in MVL4;
q, ¢b: out MVL4);

end component;

—— configuration specification
for d1,d2: dff use entity WORK.dff(struct);
for others: dff use entity WORK.dff(behav);

d1: dff port map (d(1), load, rst, r(1));
d2: dff port map (d(2), load, rst, open, rh(2));

—5—
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Generate Statement

o FToole] YN EHE o2 W BEH] A4ET 5 U=

23 2
e entity regs is
port (clk, ena, rst: in MVL4;
d: in MVL4 vector (4 downto 1);
r: out MVL4 vector (4 downto 1));
end reg4;

architecture struct of reg4 is
signal load: MVL4;
component dff
port (d, clk, rst: in MVL4;
q, qb: out MVL4);
end component;
component and.n
generic (tplh, tphl: time := 0 ns;
n: integer := 2);
port (x: in MVL4 vector (1 to n);
y: out MVL4);
end component;
for all: dff use entity WORK.dff(struct);
for agl: and n use entity prim.andn(behav)

port map (inputs => x, outputs => y);

VHDL ] o}5j /
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begin
agl: and n generic map (n => 2)
port map (x(1) => clk, x(2) => ena,
y => load);
G4: for iin 1 to 4 generate
df: dff port map (d(i), load, rst, r(i));
end generate;
end struct;
L
: df(4)— .
d(4) d q - 1(4)
| clk |
: T |
| )7 |
4" d g 13)
I clk :
: e |
| )7 |
d) d q 1)
I clk :
: e |
| df (D) Tst 5
d(y). d q—— 1)
I clk :
3 P :
gna : @ |oad regd |
KK — 4T VHDL ] o}5j /




component dff
port (d, clk: in MVL4;
¢: out MVL4);

end component;

L1: for iin 0 to (n-1) generate
L2: if i = 0 generate
dffx: dff port map (a,clk,z(1));
end generate L2;
L3: ifi = (n-1) generate
dffx: dff port map (z(n-1),clk,b);
end generate L3;
L4: if (i>0) and (i<(n-1)) generate
dffx: dff port map (z(i),clk,z(i+1));
end generate L4;

end generate L1;

z(D) z(2) z(n-2) z(n-1)

clk clk clk clk

clk
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6. Data Flow Description

e Structural description 3 behavioral description 2]

o T2 ¥ QA A} HALE 3}o] signal o] assigndls ).
3}

— Concurrent signal assignment statement.
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SR
o IAiALE] F3-2t +A &9

logical_operator

relational_operator

adding_operator

sign

multiplying_operator

miscellaneous_operator ::

and | or | nand | nor | xor

— =] < <=1 > |>=
+ | - ] &

+ | -

« | / | mod | rem

xx | abs | not

— 50— VHDL ] o}5j /




e Logical operator

— and, nand, or, nor, xor, not
— 3] H A=} e] type< BIT =+ BOOLEAN.
— —— signal assignment statements using logical operations
q <= a and b;
en <= aor b or ¢;
¢ <= not (a and b);
¢ <=mnot aand b; —— equivalent to (not a) and b

clk <= not clk after 20 ns;

—— boolean expressions
if a and ¢ then

— — statements for true_expression
else

— — statements for false_expression

end if;
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e Relational Operator

Operator Operation
= equality any type
/= inequality any type
< <=>>= ordering any scalar
type
or discrete
array type
— AAz} =3} /=2 file type & A L) v}

o] skl 44

— <, <=, >, >=+ B scalar type £+
ray typeel % &
< (non-null array) —> TRUE

(null array)

1,2 3

<

2.3

—> TRUE

1,23

<

1,3

—> TRUE

Operand Type Result Type

\\

BOOLEAN
BOOLEAN
BOOLEAN

—
= E T type

discrete ar-
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//

e Adding operator ¢} sign

— 4+, —, &(concatenation)
— +¢} -2 F I HAAE Z2 numeric type(integer,
floating point, physical type) o] o] o} 3},
— & 2] I FA A} 121Y array =+ array element o] o]
of &.
(1-dimensional array type) & (same array type)
l-dimensional array type) & (the element type)

(
(the element type) & (1-dimensional arrray type)
(the element type) & (the element type)

a(3 to 7) & b(2 downto 0)

— Sign + ¢} — unary operator & 3] 9 A A= numeric
type ] o] of .
— Sign & multiplying operator 1} *x, abs, not Xt} v
= A =9E 7H.
A/4B —— illegal expression
A* B —— illegal expression
A/(+B) —— legal expression
A**(-B) —— legal expression
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e Multiplying operator

— *¢l /+ integer type ¥} floating point type2] 3¢
Whel) o] A e)g.

— (physical type) * (INTEGER ¥+ REAL) —— physical type
(INTEGER ¥+ REAL) * (physical type) —— physical type
(physical type) / (INTEGER ¥+ REAL) —— physical type
(physical type) / (physical type) —— universal integer type

— rem¥} mod?2] 3] AR} integer type o] o] of 3§},

— a:=7rem 3; —— a becomes 1
b := 7 mod 3; —— b becomes 1
¢:=(-7) rem 3; —— ¢ becomes —1
d := (-7) mod 3; —— d becomes 2
¢ :=7rem (-3); —— e becomes 1
f:= 7 mod (-3); —— f becomes —2
g:=(7)rem (-3); —— gbecomes 1
h:=(-7) mod (-3); —— h becomes 1
—= VHDL 2] o]3j

=




e Miscellaneous operator

— abs?] ¥ A} numeric type o] o] of g},

— xx 3= BT integer type3} floating point typeed]| ©j
shol Helg.

— xx 2] $1& 3|9 AA}+= integer type 3} floating point
typee] BT 3-&3|x|% LEF ¥ diAE INTE-
GER o] oo} 3.

~+x9] exponent 7} ] & AL A 9% 34
A= ¥F= x| floating point type o] o] of &,
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Concurrent Signal Assignment Statement
o o] 7k ¢l signal, = o]d U3 HAAre] A¥ &
delay o] )@ A Ko} @7 &9 signald] F L.

e Z} concurrent signal assignment statement = 3}1} 2]
=3 %l concurrent process 84 &2} 9] ¥ signalel] ¥

5171 9 & wvlch WbE 8.

e Conditional signal assignment

qb <= not q;
qb <= not q after 0 ns; —— equivalent
q <= not ¢; —— oscillation

architecture data_flow of dff is
begin
q<="'0"' whenrst = '0' else
d when clk = '1" and (not clk'stable) else
—— rising edge
q;
qb <= not q;

end data_flow:

—56 — VHDL ] o}5j /




architecture data_flow of register is

begin
reg <= data after 2 ns when enable = '0' and
clk = '1" and (not clk'stable) else
reg;

end data_flow:
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e Selected signal assignment
S1: with opcode select
alu_out <= data + accum after 3 ns when "000",
data - accum after 3 ns when "001",
data and accum after 3 ns when "010",
data xor accum after 3 ns when "011",
data when "100"|"101",
accum when others; —— last choice
accum %data
opcode
ALU ﬁ:g;
alu_out
Accumulator
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e Concurrent assertion statement

ASS1: assert Clk /= "X
report " Unknown value on Clk"

severity Error;

—— one of NOTE, WARNING, ERROR, FAILURE

—— report if Clk = "X

— 59—
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7. Behavioral Description

Process Statement

Behavioral description & process statement & o] §-o]

2]
3.
Process statement ¥ sequential statement & 4.

Y ¥-2] sequential statement & A & wait state-
ment & Thd wj7lz] wHE 523 3

Sensitivity list 7} 913 73 $-ol & 2 listo] T3] =
signal 2] Z}o] 3 ofq}t sequential statement Fo| Q&

S99,

Process statement 2] sensitivity list + wait statement
7} 2 process Y] &] v}x] 2} sequential statement & 4}9)
CERP R ER 5L

Process statement o] sensitivity list 7} 9+
I Y H-o t}E wait statement & A} 5 ¢ L.
Sensitivity list £ ¢l 5L wait statement & ¢!+ process
statement &= ¥23] W S 3)0] A Balo] o] BY >

il 3l B Fel8)of 3.
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— — Three equivalent architecture bodies

architecture EX1 of and2 is

begin
y <= a and b after 7 ns; —— concurrent
end EXI;

architecture EX2 of and2 is

begin
process (a, b) —— sensitivity list
begin
y <= a and b after 7 ns; —— sequential

end process:
end EX2:

architecture EX3 of and2 is

begin
pl: process
begin
y <= a and b after 7 ns; —— sequential
wait on a, b; —— sequential, explicit wait statement

end process pl;
end EX3;
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architecture behav of clock_gen is
signal clkl, clk2, phil: MVL4 := '0":
begin
cl: process (clkl)
begin
clkl <= not clkl after 10 ns;

end process cl;

c2: process

begin

clk2 <= not clk2;

end process c2;

pl: process(clkl, clk2)
begin

phil <= clkl and clk2;
end process pl;

end behav;

wait until clkl = '1"; —— wait for a rising edge
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clkl

clk2

phil

0 10 20 30 40 50 ns
\ | * ’7

| 1 1

0 10 20 30 40 50 ns
| | ’7

| 1 1 1

0 10 20 30 40 50 ns




//

Sequential Statement
e Processi} subprogram Yo|A A E 438 5.

e sequential statement ::=
walt_statement
| assertion statement
| signal assignment_statement
| variable_assignment_statement
| procedure_call statement
| if_statement
| case_statement
| loop_statement
| next_statement
| exit_statement
| return_statement

| null statement
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e Wait statement
— Process statement 1} procedure &] 423 & U x| A x|
7.

— wait_statement 1=
wait [sensitivity_clause| [condition_clause]

[timeout_clause];

sensitivity_clause ::= on sensitivity_list
condition_clause ::= until condition
timeout_clause ::= for fime_expression

— Sensitivity clause 7} ¥ 7] 3] o] ¢J %] ¢} 2™ condition

clause 2] 71 & FA3l+ ET signalo] sensitivity
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— wait; —— indefinite wait

wait on oe, wr, rd; —

wait until clk = '1': —

)

wait for 50 ns; —— timeout clause

wait on oe, wr, rd = —

until ce = '0'; —

wait on oe, wr, rd = —
until ce = "0’ —
for 200 ns; —

—— the allotted time has elapsed

sensitivity clause

condition clause, rising edge

reactivate when one of the
signals in the sensitivity

list changes AND the

condition 1s true

reactivate when one of the
of the signals in the sensitivity

list changes AND the

condition i1s true OR when
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e Assertion statement

- AAF Aol RaE W2 FAHER

— 7)™ o A concurrent assertion statement £} 7t
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e Signal assignment statement

— Process statement 1} procedure Y o] 4] signal o] ¢]
W e Ad.

— Driver 7} Zt3l 9+ projected output waveform &
w7,

— Target 2] Zto] S| WX+ ¢on, Ao]x delta
delay + Z €.

— process (a, b)

begin
y <= 10.0 after 20 ns, 20.0 after 40 ns;
X <= a Xor b; —— implicit "after 0 ns" clause
(a, b) <="10"; —— aggregate target

end process:
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¢ Variable assignment statement

— Target variable®] Z}& SA] ¥ 7.

— process
variable today, tomorrow: date;

begin

today.month := October;
today.day := 12;

today.year := 1993;

tomorrow := (13, October, 1993);

—— right-hand side expression is an aggregate

end process:

process (...)

variable first_time: boolean := true; —— boolean variable

begin
if first_time = true then
...—— Initialization
first_time := false;

end if;

end process:
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data(3 downto 0) := "1100"; —— bit_vector variable

addr(7 downto 4) := data(0 to 3);

— — implicit subtype conversion

— Process W ¢] variable & process 7} A x] Abe] o] <) o]
X 2 7}o] A% A3 procedure Y 2] variable &
return€ w729 1 ZHE& A8, 4 return 3}
A ud Igks d+
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o If statement

— if (rstb="0") then
q <= 0;
elsif (clk = '1") and clk'event then
if (load b = '0") then
q<=d;
else
q<=q+ L
end if
end if;
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e Case statement

— case state is
when (0 =>
if input = '1" then
state ;= 1;
else
null;
end if;
when 1 =>
if input = '0' then
state ;= 3;
else
state ;= 2;
end if;
when 2 | 4 =>
state := 0;
when 3 =>
if input = '0' then

state ;= 2;
else
state := 4;
end if;
end case;

—~{I
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\\

— case opcode is
when "000" => alu_out <= data + accum after 3 ns;
when "001" => alu_out <= data — accum after 3 ns;
when "010" => alu_out <= data and accum after 3 ns;
when "011" => alu_out <= data xor accum after 3 ns:
when "100" | "101" => alu out <= data;
when others => alu_out <= accum;

end case;

—— equivalent statement

—— concurrent conditional signal assignment

S1: with opcode select

aluout <= data + accum after 3 ns when "000",

data - accum after 3 ns when "001",
data and accum after 3 ns when "010",
data xor accum after 3 ns when "011",
data when "100"|"101",

accum when others; —— last choice
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e Loop statement

— — infinite loop

11: loop
a:=a-+ 1;

end loop I1;

—— for iteration scheme
— — shift left characters in a string
fl: for 1in 0 to 3 loop
str(i) <= str(i + 1);
end loop f1;

—— while iteration scheme
—— get the index of an array element whose value is '0'
while val(index) /= '0" loop

index := index + 1:

end loop;
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¢ Next statement

— Loop statement o] 4] &z} 2] u}

o
>
tlo
ofN
e

— Loop statement 7} 2+ 5 3] %] ¢
e A%
— next_statement ::=
next [loop label] [when condition];
— Loop label ¢] 9] + next statement = 3 % loop o] &
£,
— Loop label ¢] ¢!+ next statement = L next state-
ment § Z 331 loop 5 71 W52 loop ol = -&.
— outer_loop: for jin 1 to 10 loop
inner_loop: for i in 1 to 10 loop
ifj=4andi=>5then
next outer_loop;
end if;
x(j.1) = y(ij):
end loop inner_loop;

end loop outer_loop;
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o Exit statement

— exit_statement ;=
exit [loop label] [when condition];
— Loop label o] ¢) + exit statement + 3% loop ] &
£,
— Loop labelo] ¢l + exit statement + I exit state-
ment & X831 loopF 7FA Y H-2] loop ol A £.
— 11: loop
a:=a-+ 1;
exit 11 when a = 10;

end loop I1;

—~{I
—~{I
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e Null statement

— T} statement & 53 A E WA F= A el of
¥ A A %

— case opcode is
when "000" => accum <= data + accum after 3 ns;
when "001" => accum <= data — accum after 3 ns;
when "010" => accum <= data and accum after 3 ns;
when "011" => accum <= data xor accum after 3 ns:
when "100" | "101" => accum <= data;
when others => null;

end case;
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8. Subprogram
Function
e Delay ¢lo] A 23 E return.
e Type conversion, overloading operator, signal reso-
lution 5ol o]&.
o 1 Yo ] signal assignment statement & A}-£% 4 ¢}
<.
e Function declaration function body ¢} F+ }-&# o2 #
°]3)v], I AL function call & o] Fo]%.
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e Type conversion

—— type definition in package declaration

subtype BYTE is BIT_ VECTOR (7 downto 0);

—— function declaration in package declaration
function byte_to_int (x:BYTE) return integer;
function int_to _byte (x:integer) return BYTE;

—— function body in package body
function byte_to_int (x:BYTE) return integer is
variable sum: integer := 0;
variable weight: integer := 1;
begin
for 1in 0 to 7 loop
if x(i) = '1" then
sum := sum + weight;
end if;
weight := weight * 2;
end loop;
return sum;

end;
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function int_to byte (x:integer) return BYTE is
variable result: BYTE;
variable temp: integer;
begin
temp = X;
for 1in 0 to 7 loop
if temp mod 2 = 1 then
result(i) ;= '1";
elsif
result(i) ;= '0";
end if;
temp := temp / 2;
end loop;
return result;

end:

)

—— signal declaration in architecture body

signal count: BYTE;

— — function call in architecture body

count <= int_to_byte (byte_to_int (count) + 1);
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e Operator overloading

—— function body
—— "not" is overloaded to handle multiple valued logic
function "not" (opl: in MVL4) return MVL4 is
begin
case opl is
when '0' => return '1';
when '1' => return '0';
when others => return 'X';
end case;

end "not":

architecture df of example is
signal x, v, a, b: MVL4
— — function declaration

function "not" (opl: in MVL4) return MVL4;
begin

—— following two styles are possible

a <= "not"(b); —— used as a function
y <= not X; —— used as an operator
end;
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e Signal resolution

— t}4 9] driver & 7}73 signal®] FH& driverd &=
el A A7) €)8Fe] resolution function AF-E.
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architecture behav of res_ex is
function wired or (inputs: bit_vector) return bit;
signal res_sig: wired_or bit;
signal drl, dr2: bit;
begin
source_1: process(drl)
begin
res_sig <= drl;
end process:
source 2: process(dr2)
begin
res_sig <= dr2;
end process:
end;
function wired or (inputs: bit_vector) return bit is
begin
for i in inputs 'range loop
if inputs(i) = '1' then
return '1°;
end if;
end loop;
return '0';

end:

)
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Procedure

e Procedure declaration 3} procedure body ¢] + £ 2

2 R e3|n, 1L A8 procedure calle]] 2]3}o] o] F-of

Z]
u.

e procedure finish is
begin
assert false
report ' Simulation complete':
severity failure;
end;
procedure monitor (name: in string; value: in bit; ) is
variable ...
begin
WRITE (strbuf, NOW, RIGHT, 6);
WRITE (strbuf, " " & name & "=");
WRITE (strbuf, value);
WRITELINE (output, strbuf);

end:

)
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— — sequential procedure call
process

wait for 175 ns;

finish:

end process:

— — concurrent procedure call
architecture behav of proc_ex is

begin

monitor(" clock", clk);
monitor("read", rd);
monitor(" write", wt);

end behav;
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Subprogram Interface

e Formal parameter = constant, variable, signal &2

object class & #3.
e in, inout, out & ¥ 7}%] mode & FH &.

e Interface_constant_declaration ::=
[constant] identifier list: [in] subtype_indication

[:= static_expression]

interface_signal_declaration ::=
[signal] identifier list: [mode| subtype_indication

[:= static_expression]

interface_variable_declaration ::=
[variable] identifier list: [mode] subtype_indication

[:= static_expression]

e Mode7} ®x]3]o] 9] ¢4o in 8 7},

e Function 2] 7] §- formal parameter 2] mode + in%}t 3]

£ 3] 3L object class ¥ constant$} signal®l 3] -&.

e W2l mode”7} ino] 3Ll object class 7} ¥ ]3] o] Q%] ¢k o

¥ constant & 7}

¢ 72l mode 7} inoute]i} outo] il object class 7} ¥ X] 3]

1 =
o] 9]l x] ¢} o™ variable® 7+

-
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//

e Formal parameter 7} signalo]™ actual parameter &

signal.

e Formal parameter 7} variable ©] ¥ actual parameter &

variable.

e Formal parameter 7} constant ©]*d actual parameter

+ expression.
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9. 7]€}

Attribute

e o] Fo] EoJ% Zl(named entity)> o] Zl o]} 17 o]

|

Zr= EA S A o)s)r] ¢]3)e] attribute & A}£F 5 9 L.

r

e Predefined attribute

— 5 VHDL 9 A= w8 #9Jd =3 ¢+ attribute.
— HIGH

+ INTEGER 'HIGH = value & INTEGER type ©]
AR 4 dE A% 2 3

*  type MEMORY1 is array (0 to 31, 7 downto 0)

of BIT:
¢] 7% MEMORY1 HIGH(2): function o]

£ return.

— RANGE

% $] ol A] Held  MEMORY14) v 3} o
MEMORY1'RANGE(2) % 7 downto 0.

~ LENGTH
« 91 A epL
MEMORY1¢4]| ¥} 3 MEMORY1' LENGTH(2)
= 8(MEMORY1' HIGH(2) =

MEMORY1'LOW(2) + 1).
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\\
— DELAYED
* S'DELAYED(T)¥ S& T x|ZFHE A 9Xx|F A
3} 7+ signal.
P: process(S)
begin
R <= transport S after T;
end process:
— STABLE
* S'STABLE(T) & S T A7}593k event 7} A 3}
2] ¢k9kew TRUE, A3 o FALSE 9] signal.
— EVENT
« S'EVENT = S daxje] x| & o)A xlo]Z F9b
event 7} A3 o TRUE, o}ir] FALSE £ re-
turn 3} function.
¢ User-defined attribute
— A&7 Yol E A oste] A 4 9= attribute.
- 234 & FAIFE vl Belvl s ER F9.
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— package physical_attributes is

type physical_size is record
width, height: Integer;
end record;
type location is record
X, v: Integer;
end record;
attribute layout_size: physical_size;
attribute placement: location:
attribute pin_number: Integer;
attribute width: Integer;
end physical_attributes:

architecture nand_impl of sr_flip flop is
component nand_gate
port (a, b: in bit; y: out bit);
end component;
attribute placement of nandl: label is (200, 100);
attribute placement of nand2: label is (200, 90);
begin
nandl: nand gate port map (s, qbar, q);
nand2: nand_gate port map (s, q, gbar);

end nand_impl;
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//

Delay Modeling
e Transport delay model

Sohest 2 HRE 5.
1. Projected output waveform ol 57}3}3L%} 3} A)
B transaction®] X|F o]F2] X F ] o]n] F7}
3]e] 9) = transactione] ¢ o B E A7 g}
2. Projected output waveformeol| A & transac-
tiong EF F7}3}.

— signal s: integer := 0;

process
begin
— — transport delay model
s <= transport 1 after 1 ns,
2 after 3 ns,
3 after 5 ns;
wait;

end process:
(0, 0 ns) (1, 1 ns) (2, 3 ns) (3, 5 ns)
s <= transport 4 after 4 ns;

(0, 0 ns) (1, 1 ns) (2, 3 ns) (4, 4 ns)
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//

e Inertial delay model

ohest 2 AR FohE 4.

1. Y & transactiond] EF X E gt}

2. 713 o] & A FH 9 Y E+ transactionF} T A |
= 7]1£9] transactiono] 7+& Z+& 7Ex|® 1 7]
&£ 9] transactione] X£& 3t}

3. Driver 2] &z} Zrel ) %3} transactioneo)] X &
Flg=

4. E7} 3]o] YA 9L B E transactionS A A g},

— signal s: integer := 0;

process
begin
—— inertial delay model
s <=1 after 1 ns,
3 after 3 ns,
5 after 5 ns;
wait;

end process:
(0, 0 ns) (1, 1 ns) (3, 3 ns) (5, 5 ns)

s <= 3 after 4 ns,
4 after 5 ns;

(0, 0 ns) (3, 3 ns) (3, 4 ns) (4, 5 ns)

)
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Entity Statement

e Entity declaration o] X 33le] F=2 ¢
setup/hold time |1} pulse width & <€ 3|
L EE TS

e entity Latch is

port (Din: in Word;

Dout: out Word;

Load: in Bit;

Clk: in Bit);
constant Setup: Time := 12 ns;
constant PulseWidth: Time := 50 ns;
use WORK.TimingMonitors.all;

begin

—— concurrent assertion statement
assert Clk="1" or Clk' Delayed ' Stable(PulseWidth);
— — concurrent procedure call
CheckTiming(Setup, Din, Load, Clk);

end;
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Block Statement

e Subcomponent 5 component instantiation statement
g AgaA 82 47 7.

e Nesting¢] 7H5-3to] Als 728 28 + i+

o .. —— full adder description
FAdder: block
signal P, G : bit;
begin
—— generate P and G signal

PGgen: block

begin
P <= A xor B;
G <= A and B;

end block PGgen;

—— generate carry signal
Cout <= G or (P and Cin);
—— generate sum signal

Sum <= P xor Cin;

end block FAdder;
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—— full adder description
FAdder: block
signal P, G : bit;
begin
—— generate P and G signal
PGgen: block
port(inl, in2 in : bit;
outl, out2 out : bit);
port map(inl => A, in2 => B, outl => P, out2 => G);
begin
outl <= inl xor in2;
out2 <= inl and in2;
end block PGgen;
—— generate carry signal
Cout <= G or (P and Cin);
—— generate sum signal

Sum <= P xor Cin;

end block FAdder;
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—— component declaration
component FAddComp
port(LA, LB, LCin in : bit;
LCout, LSum out : bit);
end component
—— configuration specification
for FAdder use entity FullAdder(dflow)
port map (inl => LA, in2 => LB, in3 => LCin,
outl => LCout, out2 => LSum);

—— full adder description
FAdder: FullAdder
port map (LA => A, LB => B, LCin => Cin,
LCout => Cout, LSum => Sum);

— 97— VHDL ] o}5j /




entity FullAdder is
port(inl, in2, in3 in : bit;
outl, out2 out : bit);
end FullAdder:;

architecture dflow of FullAdder is
signal P, G : bit;
begin
—— generate P and G signal
PGgen: block
begin
P <=inl xor in2;
G <=inl and in2;
end block PGgen;
—— generate carry signal
outl <= G or (P and in3);
—— generate sum signal
out2 <= P xor in3;

end dflow:
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e Guard expression

— GUARD ¥+ boolean type®] signal Z+& ZA.
— Guarded assignment &] 43 o] 15 AA.
— Guarded target 2] 73 $- disconnect oJ 55 ZHA.

function wired or (inputs: bit_vector) return bit is
constant float_value: bit :== '0";
begin
if inputs 'length = 0 then
— — this is a bus whose drivers are all off
return float_value;
else
for i in inputs 'range loop
if inputs(i) = '1'then
return '1';
end if;
end loop;
return 0"
end if;

end:

)
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Alias Declaration
o It T} E o] F & B F d A

e variable REAL NUMBER : BIT_ VECTOR(0 to 31);
alias SIGN : BIT is REAL NUMBER(0);
alias MANTISSA : BIT_ VECTOR(23 downto 0) is
REAL_NUMBER(S to 31);
alias EXPONENT : BIT_ VECTOR(1 to 7) is
REAL_NUMBER(1 to 7);
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Configuration Declaration

o ¥ T 9] library unit ] /] component instance 2} design
entity 2] binding & 3] &.

e Architecture body + Zt| & F3L component 2] bind-

ingel| )& ARE Ro} =2 configuration declaration

W 5.

e —— an architecture of a microprocessor
architecture Structure_View of Processor is
component ALU port (...) end component;
component MUX port (...) end component;
component Latch port (...) end component;
begin
Al: ALU port map (...);
M1: MUX port map (...);
M2: MUX port map (...);
M3: MUX port map (...);
L1: Latch port map (...);
L.2: Latch port map (...);

end Structure_View;
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library TTL, WORK;
configuration V4 27 87 of Processor is
use WORK.all;
for Structure_View —— (external) block configuration
for A1:ALU —— component configuration
use configuration TTL.SN74LS181;
end for:;
for M1,M2.M3: MUX
use entity Multiplex4(Behavior);
end for:;
for all: Latch
—— use defaults
end for:;

end for:;
end V42787
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for D1: DSP
for DSP STRUCTURE
—— Binding specified in design entity or else defaults
for Filterer
—— Configuration items for filtering components
end for:;
for Processor
—— Configuration items for processing components
end for:;
end for:;

end for:;
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10. VHDL-87% VHDL-93¢] t}& %
Group

o o2 7 ¢] named entity & 3} .} IFCE UE ST IE
3.

e group PIN2PIN is (signal, signal);
—— Groups of this type consist of two signals
group RESOURCE is (label<>);
—— Groups of this type consist of any number of labels
group DIFF _CYCLES is (group <>);
—— A group of groups
group G1: RESOURCE(LI, L2);
—— A group of two labels
group G2: RESOURCE(L3, L4, L5);
—— A group of three labels
group C2Q): PIN2PIN(PROJECT.GLOBALS.CK,Q);
—— Groups may associate named
—— entities in different declarative
—— parts (and regions)
group CONSTRAINT1: DIFF_CYCLES(G1, G2);
—— A group of groups
attribute PROPAGATION_DELAY: TIME;
atisibiitesPROPAGATION_DELAY of C2Q): group
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\\
File
e VHDL-879]| 5] = file o] variable object & #3r.
e VHDL-939] 4= ] WA object & file object 7} &7}%.
o Files w32 L3 <& $  9dE&(procedure
FILE OPEN, FILE CLOSE F7}).
e Mode #|3 7}l(READ MODE, WRITE MODE,
APPEND MODE).
e FILE_ OPEN_STATUS x| 4.
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Shared Variable
o Ul X T T <lo]o] A 2] global variable & 8-& 3},

o Signal2 2@ ¢ @l A5 AFANA Fge] A
Mk o ok ZhEo] FAISH F3E A 5) o HE g
e variable_declaration ::=

[shared| variable identifier list : subtype_indication

[ := expression];
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Impure Function

e Stack operation ¥+ ¥4 A 7] 7+-E actual param-

eter?] gt 8 7L function & & E }E ZHE return.

e Impure function o 5]+ file o]} shared variable3} 7

= R A5 93 & 5 9 =(side effect).

o file I: TEXT is "filename":
impure function GET_INTEGER return INTEGER is
variable L: LINE:
variable DATA: INTEGER;
begin
READLINE(F, L);
READ(L, DATA);
return DATA;

end GET INTEGER;
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Component Instantiation

e Design entity ¥ instatiation 8 W] component decla-

ration ¥} configuration specificationo] ¢lo]jx 3.

e VHDL-93 syntax:

component_instantiation_statement ::=
instantiation_label:
instantiated_unit
[generic_map _aspect]

[port_map_aspect];

instantiated_unit ::=
[component| component name
| entity entity name [(architecture_identifier)]

| configuration configuration name
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— — instantiation of a component
component
COMP port(A,B:inout BIT);
end component;
for C: COMP use entity X(Y)
port map(P1 => A, P2 =>B);

C: COMP port map(A => S1, B =>52);

—— instantiation of a design entity
C: entity Work. X(Y) port map(P1 => S1, P2 =>S2);

—— instantiation of a design entity through
—— configuration declaration

configuration Alpha of X is
for Y

end for:;

end configuration Alpha;

C: configuration Work.Alpha
port map(P1 => S1, P2 =>52);
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Incremental Binding

e Primary binding: configuration specification ¢ 4] 2]
binding

¢ Incremental binding: component configuration ¢f| 4] 2]
binding. Configuration declaration o] 4] generic 2] 7}
oJ1} port 2] 9972 W7 7}°5. Backannotationel] o]& 7}

T

~——

O

=t —

VHDL ] o}5j /



entity XOR_GATE is
generic(I1to0,12toO: DELAY_LENGTH := 4 ns);
port(I1,12: in BIT; O: out BIT);

end entity XOR_GATE;

archetecture Structure of Half_Adder is

component XOR_GATE is
generic(I1t00,12toO: DELAY _LENGTH);
port(I1,12: in BIT; O: out BIT);
end component XOR_GATE;
for L1: XOR_GATE use
entity WORK.XOR_GATE(Behavior)
—— primary binding indication
generic map(3 ns, 3 ns)
port map(I1=>I1, [2=>12, O=>0);

begin
L1: XOR_GATE port map(X.,Y,Sum);
end architecture Structure;

configuration Different of Half_Adder is
for Structure
for L1: XOR_GATE
generic map(2.9 ns, 3.6 ns);
—— incremental binding indication
end for

end for
end configuration Different;
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Postponed Process

e Postponed process: v}z 2 x| E# o] Alo]| Fol| At &

3 3]+ process.

e (bar <= not Q;

postponed assert Qbar = not ()

report "Error in Qbar";
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//

Operator

e Logical operator: and, or, nand, nor, xor, note¢]| xnor
F7.

e Shift operator: sll, srl, sla, sra, rol, ror F7}.
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//

Inertial Delay Model

e Transport delay: o] & A2 v 2 LE Z3],

¢ Inertial delay: Fo]% X7} o] o] && Zt+= HAE A
HB. AAE $18 71+ A7} (pulse rejection limit) & &
go) A E AR A B 5 AL

e —— The following three assignments are equivalent to each other

Output_pin <= Input_pin after 10 ns;
Output_pin <= inertial Input_pin after 10 ns;
Output_pin <= reject 10 ns inertial Input_pin after 10 ns;

—— The following two assignments are equivalent to each other
Output_pin <= transport Input_pin after 10 ns;
Output_pin <= reject 0 ns inertial Input_pin after 10 ns;

Output_pin <= reject 7 ns inertial Input_pin after 10 ns;
—— results in the same output as the following two assignments
—— involving an extra signal Temp

Temp <= inertial Input_pin after 7 ns;

Output_pin <= transport Temp after 3 ns:
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S
Predefined Attribute
¢ BEHAVIOR ¢} STRUCTURE 2.
e ASCENDING, IMAGE, VALUE, DRIVING, DRIV-
ING_VALUE, SIMPLE_NAME,
INSTANCE_NAME, PATH NAME 37}.
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S
Foreign Architecture £} Foreign Subprogram
e Non-VHDL Y}-£3 VHDL }-£2] 9 g o]|AE A7
e function F return INTEGER;
attribute FOREIGN of F: function is
"implementation-dependent information'':
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Unaffected
o 7|12 EA:

architecture data_flow of latch is
begin
with clock select
output <= input after 5 ns when '1",
output when others;:

end data_flow:

Signal output &] driver 7} 7] &) Zt5L 9] += transaction
o] X & § transactione]| ¢]3le] EF A|AH.

A -.
o 57 F

architecture data_flow of latch is
begin
with clock select
output <= input after 5 ns when '1",
unaffected when others:

end data_flow:
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//

Generate Statement 1] 2] Declarative Part

o 7] &2 FA:

entity reg4 is
port (clk, ena, rst: in MVL4;
d: in MVL4 vector (4 downto 1);

r: out MVL4 vector (4 downto 1));
end reg4;

architecture struct of reg4 is
signal load: MVL4;
component dff
port (d, clk, rst: in MVL4;
q, qb: out MVL4);
end component;
component and.n
generic (tplh, tphl: time := 0 ns;
n: integer := 2);
port (x: in MVL4 vector (1 to n);
y: out MVL4);
end component;
for all: dff use entity WORK.dff(struct);
—— configuration specification of df in G47
for agl: and n use entity prim.andn(behav)
port map (inputs => x, outputs => y);
begin
agl: and n generic map (n => 2)
port map (x(1) => clk, x(2) => ena,
y => load);
G4: for iin 1 to 4 generate
df: dff port map (d(i), load, rst, r(i));
end generate;
end struct;
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//

A L]
o 7+ ¥

o

architecture struct of reg4 is
signal load: MVL4;
component dff
port (d, clk, rst: in MVL4;
q, qb: out MVL4);
end component;
component and.n
generic (tplh, tphl: time := 0 ns;
n: integer := 2);
port (x: in MVL4 vector (1 to n);
y: out MVL4);
end component;
for agl: and n use entity prim.andn(behav)
port map (inputs => x, outputs => y);
begin
agl: and n generic map (n => 2)
port map (x(1) => clk, x(2) => ena,
y => load);
G4: for iin 1 to 4 generate
for df: dff use entity WORK.dff(struct);
—— configuration specification of df
begin
df: dff port map (d(i), load, rst, r(i));
end generate;
end struct;
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7 )

Signature

e Attribute name o] 5] 2] prefix1} entity designator ¥

+ alias declaration o] 4] €] name¢] overload % sub-

program °| 1} overload ¥ enumeration literalql 73 $-
3 e B8

e function "or" (Left, Right: MVL) return MVL;
attribute Builtln of
"or" [MVL, MVL return MVL]: function is TRUE;
—— Because of the presence of the signature, this attribute
— — specification decorates only the "or" function

— —declared above.

type OpCode is (NOP,ADD,SUB,AND,OR,JMP);
attribute Mapping of JMP [return OpCode]: literal
is "001":
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Alias

e Object o] 2] & alias & EojA] A8 S I

e Qo) import ¥ X fJg alias§ “alias Y is X;”¢} 7

o] 4413 Y+ RE export @ § 9 &.

e alias STD BIT is STD.STANDARD.BIT;

— — explicit alias declaration
—— implicit alias declarations
——alias '0' is STD.STANDARD.'0'
—— [return STD.STANDARD.BIT];
——alias '1' is STD.STANDARD.'1"
—— [return STD.STANDARD.BIT];
—— alias "and" is STD.STANDARD."and"
[STD.STANDARD.BIT, STD.STANDARD.BIT
return STD.STANDARD.BIT];
—— alias "or" is STD.STANDARD."or"
[STD.STANDARD.BIT, STD.STANDARD.BIT
return STD.STANDARD.BIT];

z}z
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7] e}

e Formal port o] t)-&3]+ actual & expression = & £&.

e ISO 8-bit coded character set(ISO 8859-1:1987(E)) 2
=2 =k

e Basic identifier o]] extended identifier & F7} &3},

\BUS\ \bus\  —— Two different identifiers, neither of

— — which 1s the reserved word bus
a\\b —— An identifier containing three characters
g
\74LS00\ —— An identifier

e Bit string literal & BIT type?] array 2%¥ '0'F}
'1' 29 o]F-0]A string literal 2 WH7J.

type MVLis ('X','0","1".'Z");

type MVL_ VECTOR is array (NATURAL range <>)
of MVL:

constant ¢3: MVL_VECTOR := O"777":
—— c3="111111111";
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e Report statement F7}.

e Concatenation Z # 2] 91Z bound &+ Z 2] base type

o] 7Zt+= index subtype 2] #1Z% bound.

e Formal 3} actual &] association o] 4] type£] H3H-S& 9]3)

4] conversion function 2]¢]] type conversion A}-& 7}

T

~——

O °
e Sequential statement o] £ label ZA] 7}&.

e STANDARD package¢l] subtype DELAY_LENGTH
= 44

subtype DELAY_LENGTH is TIME
range 0 fs to TIME ' HIGH:;
impure function NOW return DELAY_LENGTH;
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