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ÊÔä�"1. �)ÉÔç2. �$ËÔç sv �,É3. Lexical Element4. Type �� Object5. Structural Description6. Data Flow Description7. Behavioral Description8. Subprogram9. �$�"10. VHDL-87 �� VHDL-93¥ �"ÉÚç �,Ä
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1. �)ÉÔçVHDL¥ Ûßú !8Ñ 7@ �-É� IC ]fÁÆç �$ah XZÄ¥ ËÔä �"Å \f�� !|Ø BO U[ �,¿ 2M¥ �%» �$\f ¼ÆðÐÚò.� Top-down �,¿ 2M. Algorithmic level, register transferlevel ÇÚò high-level 9L�) �,¿ 2M �$ �"¸.ko @M» �$ah') 105 {> cell 104 {> block 102 {> module 101{> VLSI {> �$ah XZÄ.� loimU[ @KÄ ÏÚê �%» ÇÚê ÇÚñ HDL(Hardware Description Lan-guage) ÏÚê �$ÏÕò!"�* !"\hö �)ÉÚê ln !8Ñ.� CAD tool ÏÚê �$ÏÕò!"�* �"ÇÔò �,¸ chim ( �$¿ cg9L �"�" {�ÇÔò �,¸�'»�"É�,Å \f �"ÏÕò!"�*) low-level¥ �,¿ 2MÉÚê CKÉ�,É.� �,¿ 2M �$ �%» �%» Ûßù, �,¿ 2M j~Ñ �$, UX {~Ñ, :@�"ÏÕò9L q�� �,¸.� HDL ÏÚç 1970 <» 4@��') �"½ ÏÚç j~Ñ�$Ä ÏÚê ^fÏÚï. CDL, DDL,ISP, PMS, AHPL ÇÚò.� lnÐØ HDL¥ �$¿ cg �,É �'»�$¸.
{ 3 {
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� VHDL¥ ¼¾ò �$¸�,¸ ÁÔç¥ÁÆç 1981 <» VHSIC program¥ �$¿{~Ñ chim �$ �"¸.� :L �%» cg �,Ü ÏÚç �$¼Âä ¼¾ò¼Ä9L�) �"¸�,É 1983 <» jm9L {|Ð�,É.� Intermetrics, IBM, Texas Instruments �� VHDL �$Ë �$��Ñ aflokoö �)¥ 2@ �"¿ 9L 4@ !~Ñ 2M �#¸.� 1985 <» VHDL version 7.2.� 1987 <» 12 ��Ô IEEE Computer Society �%» !" VHDLAnalysis and Standardization Group �$ IEEE Stan-dard 1076-1987 im {|Ð�,É.� �$¼Âä ¼Âä �"É�,É ÏÚç military standard 454im �$ �,É.� �"½ ÏÚç CAD �$�"ÇÚê�$ VHDL �$ ��Ñ tool ÏÚê �"���) 2@ �"¿.� 1993 <» 8@imÏØ version ÏÚê IEEE Standard 1076-1993chim {|Ð�,É.
{ 4 {
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VHDL¥ ÒÚä �$É� ln !8Ñ ÁÆò )-¸{ 2L�$ko {�ÐØ9L�) �$ah XZÄ {�ÐØ�"�$.{ Structural, behavioral, data 
ow, mixed description.{ Transport, inertial delay model.{ User-de�ned resolution function.� �,¿ 2M j~Ñ �$9L 4@ !~Ñ �$ ��Ñ{ Package.{ Multiple architecture bodies.{ Generic, generator ÇÚòÏÚê �$ÏÕò !~Ñ parameterized de-sign.� {|Ð�"É�,É{ User-de�ned attribute.{ User-de�ned type.{ Overloading.� CAD tool ��¥ �/»�-¿ ÊØ:L{ �$Ê×êIL�$ �/» �$ !#Ü�,¸ �.» �).{ Synthesis, timing veri�cation, critical path analy-sis, testing ÇÚò9L 4@ !~Ñ �$ ��Ñ ��ÐÔä.{ 5 {
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� �$Ê×êIL�$�/» ^f VZ¿
Update Signals Execute Processes
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Process 5

(Control)

Process 3
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(Register)
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Process 4

Memory)

Process 6
(Data

Clock
signal
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� �$Ê×êIL�$�/» �� �,É
VHDL Description

Analysis

Elaboration

Simulation Data Structure

Simulation

Simulation Results

Intermediate Format
(Library)

{ 7 {



'

&

$

%

'

&

$

%VHDL¥ �$?@

2. �$ËÔç sv �,É� �$af !~Ñ¥ �%» ´$ÁÆç design entity.design entity = entity declaration(interface)+ architecture body(behavior)� �� Entity declaration (comment)entity mux isport (x, y, sel: in BIT;mout: out BIT);end mux;�� Architecture body (comment)�� Behavioral description (comment)architecture behav of mux isbeginprocess (sel, x, y)beginif sel = 
1
 thenmout <= x;elsemout <= y;end if;end process;end behav; { 8 {
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Entity Declaration� Interface ÉÚê �,É¥{ Port{ Generic(Parameterized design 9L �"ÏÕò)� Syntaxentity declaration ::=entity entity name is[generic (generic list);][port (port list);]fentity declarative itemg[beginentity statement part]end [entity name];[...] : 0 �.» ]fÁÆç 1 �.» �%» ËÔäf...g: 0 �.» �$ �"É �%» ËÔä
{ 9 {
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Architecture Body� Behavior ÉÚê �,É¥� �"ÏÚï�� �"Í ÏÚç description �$ �"ÁÆò{ Structural description{ Data 
ow description{ Behavioral description{ Mixed description� architecture body ::=architecture architecture name of entity name isfarchitecture declarative itemgbeginfconcurrent statementgend [architecture name];

{ 10 {
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Multiplexer¥ structural description�� Structural descriptionlibrary prim;use prim.gates.all;architecture struct of mux issignal selb, t1, t2: BIT;�� con�guration speci�cationbegini1: inv port map (selb, sel);a1: and2 port map (t1, x, sel);a2: and2 port map (t2, y, selb);o1: or2 port map (mout, t1, t2);end struct;
y

sel
x

mouti1

a1

a2

o1selb

t1

t2

{ 11 {
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Multiplexer¥ data 
ow description�� Data 
ow descriptionarchitecture d
ow of mux issignal t1, t2: BIT;begint1 <= x and sel;t2 <= y and (not sel);mout <= t1 or t2;end d
ow;
and

or

not

and

mout

yselx

t2t1

{ 12 {
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Test Bench�� Test bench for 2-way multiplexer�� Entity declarationentity test mux isend test mux;�� Architecture body�� Needs TEXTIO packageuse STD.TEXTIO.all;architecture mixed of test mux is�� signal declarationssignal x1, x2, y, sel: BIT;�� mux component declarationcomponent muxport (x, y, sel: in BIT;mout: out BIT);end component;�� con�guration speci�cationfor all: mux use entity work.mux(struct);
{ 13 {
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begin�� component instantiation statement�� for mux component instantiationm1: mux port map (x1, x2, sel, y);�� concurrent signal assignment statements�� for test vectorsel <= 
0
, 
1
 after 50 ns, 
0
 after 100 ns,
1
 after 125 ns;x1 <= 
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�� headerprocessvariable strbuf: LINE;beginWRITE (strbuf, " time sel x1 x2 y");WRITELINE (output, strbuf); wait;end process;
{ 14 {
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�� simulation resultsprocess (sel, x1, x2, y)variable strbuf: LINE;beginWRITE ( strbuf, NOW, RIGHT, 6);WRITE (strbuf, sel, RIGHT, 5);WRITE (strbuf, x1, RIGHT, 5);WRITE (strbuf, x2, RIGHT, 5);WRITE (strbuf, y, RIGHT, 5);WRITELINE (output, strbuf);end process;end mixed;

{ 15 {
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time sel x1 x2 y0 ns 0 0 0 00 ns 0 1 0 025 ns 0 0 1 025 ns 0 0 1 150 ns 1 1 0 175 ns 1 0 1 175 ns 1 0 1 0100 ns 0 1 0 0125 ns 1 1 0 0125 ns 1 1 0 1

{ 16 {
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Package� Üãç!$ bh�$ÁÆç type �$�" subprogram ÇÚòÏÚê !~Ñ �"É af9L ^f�"�.»�.» ?@ ÇÖïchim�, �"ÉÚç �*&) �,¿ 2M�" ¼¾ò��!"�* �"ÏÕò !|Ô {� �$È\fÉÔä ?@ ÐÖï.� C �� �"Í ÏÚç loimU[5@�$É �.» �)9L�) include(header) �le ��library(archive) �le ÏÚê �$ÏÕò!"�* type �$�" subprogramÏÚê �*&) loimU[@KÄ 9L�) ¼¾ò��!"�* �"ÏÕò !|Ô {� �$È 2L !"ÁÆç �.Ç ��Üãý�".� Design entity �� �" �~Ñ �"�$im x� ��ËØchim �" �}Ø.package = package declaration(interface)+ package body(subprogram body)� package declaration ::=package package simple name ispackage declarative itemend [package simple name];package body ::=package body package simple name ispackage body declarative itemend [package simple name];{ 17 {
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�� package declarationpackage four valued logic istype MVL4 is (
0
, 
1
, 
X
, 
Z
);type MVL4 vector isarray(integer range <>) of MVL4;function "and" (l, r: MVL4) return MVL4;�� other function declarations such as "or" and "xor"component and2port (output: out MVL4;input1: in MVL4;input2: in MVL4);end component;�� other component declarations such as or2 and xor2end four valued logic;

{ 18 {
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�� package bodypackage body four valued logic isfunction "and" (l, r: MVL4) return MVL4 isbeginif l = 
0
or r = 
0
thenreturn 
0
;elsif l = 
1
and r = 
1
thenreturn 
1
;elsereturn 
X
;end if;end;�� other function de�nitionsend four valued logic;

{ 19 {
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Design Unit �� ËØ �,¸� Design unit: ÇÔä �$Å�,¸ chim ËØ �,¸m}Ô {� �$È ÁÆç �%» ´$. entitydeclaration, architecture body, package declaration,package body ÇÚò.� Design unit ÏÚç ËØ �,¸ �$ �/» ÐÖò �%» !6Ü =@(intermediate form)im �$�) ÇÔä �$Å�,¸ chim library 9L �) �"Ém}Ø(library unit).� Design �le ÏÚç �*&) 2@¥ design unit chim �$���)�$�*, �*&) 2@¥ design unit ÏÚê lm !|Ø !"ÁÆç physical �le im sv !8Ñ.� design �le ::= design unit design unitdesign unit ::= context clause library unitcontext clause ::= context itemlibrary unit ::=primary unitj secondary unitcontext item ::=library clausej use clause { 20 {
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primary unit ::=entity declarationj con�guration declarationj package declarationsecondary unit ::=architecture bodyj package body� ËØ �,¸ ÍØ�){ |��) �'» design unit ÏÚê ËØ �,¸ !"�$ �.» 9L U[ design unit �$�|Ø df(reference) !"ÁÆç ^fÇÚç �"ÉÚç primary unit ÇÚêÏÚê ËØ�,¸ ?@�# !~Ñ �".{ Secondary unit ÏÚê ËØ �,¸ !"�$ �.» 9L 4@ÏÚò�$ÁÆç primaryunit ÏÚê �.» �) ËØ �,¸ ?@�# !~Ñ �".
Primary Unit Secondary Unit

P1

P2

E1

PB1

PB2

A1

Package Declaration

Package Declaration

Entity Declaration

Package Body

Package Body

Architecture Body{ 21 {
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Design Library� Design unit �$ ËØ �,¸m�Ñ �-¿ �� �'» ÐÖò �%» !6Ü =@¥ �"in(libraryunit) �" �) �"É �$ÁÆç �"É af.� File �$�" directory im sv !8Ñ.� Resource sharing ÏÚê �"ÁÆò!"2L ?@ ÐÖï.� �"¸�"¸¥ design library ÁÆç !"�"¥ \logical name"ÏÚê �" �$Ä.� VHDL ÏÚç logical name �$ STD �'» design library ÉÚê �$��Ñ. �$ÁÆç STANDARD �"ÁÆç package �� TEXTIO �"ÁÆçpackage ÉÚê lm !|Ø.� WORK �"ÁÆç logical name ÏÚê �"Ê ÁÆç design library ÁÆç ËØ�,¸!|Ô CG9L �"ÏÕò�$ÁÆç working library �$Ä.� Library �� �$9L lm !|Øm�Ñ package ÉÚê �"ÏÕò!"&*�/» libraryclause �� use clause ÉÚê �$ÏÕò.library tech lib;use tech lib.four valued logic.all;�� all declarations in four valued logic is directly visible� Implicit context item:library STD, WORK;use STD.STANDARD.all;{ 22 {
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3. Lexical Element� Character set: ISO 646-1983 7-bit coded characterset.{ 4@ÊØ�": A { Z{ ÍÖñ�": 0 { 9{ ÒÚä{� ÊØ�": " # & 
( ) * + , - . / : ; < = > j{ space character: space charater{ format e�ector: horizontal tab, vertical tab, car-riage return, line feed, form feed{ afÊØ�": a { z{ �$�" ÒÚä{� ÊØ�": ! $ % @ ? [ n ] ^ � f g ~� Character literal, string literal, comment �$9LÁÆç case-insensitive.� Identi�er: letterf[ ]letter or digitg.CLOCK, Clock, clock, D1, D 1A� Literal: decimal, based, character, string, bit string.
{ 23 {
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Literal� Decimal literal:12 0 1E6 123 456 �� �,É {� literal12.0 0.0 0.456 3.14159 26 �� �$¿ {� literal1.34E{12 1.0E+6 6.023E24 03.14E0 �� �${��" �$È ÁÆç�$¿ {� literal� Based literal:�� integer literals of value 2552#1111 1111#16#FF# 016#0�#�� integer literals of value 22416#E#E1 2#1110 0000#�� real literals of value 4095.016#F.FF#E+2 2#1.1111 1111 111#E11� Character literal:
A
 
*
 


 
 
 { 24 {
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� String literal (array of characters):"Setup time is too short" �� an error message"" �� an empty string literal" " "A" """" �� three string literals of length 1"Characters such as $, %, and g 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"

{ 25 {
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4. Type �� ObjectType� Scalar type{ Enumeration typetype BOOLEAN is (FALSE, TRUE); �� prede�nedtype BIT is (
0
, 
1
); �� prede�nedtype MVL4 is (
0
, 
1
, 
X
, 
Z
);�� overloads 
0
 and 
1
{ Integer typetype BYTE LENGTH INTEGER is range 0 to 255;subtype HIGH BIT LOW isBYTE LENGTH INTEGER range 0 to 127;type INTEGER is range implementation de�ned;subtype NATURAL isINTEGER range 0 to INTEGER
HIGH;subtype POSITIVE isINTEGER range 1 to INTEGER
HIGH;
{ 26 {
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{ Physical typetype TIME is range implementation de�nedunitsfs; �� femtosecondps = 1000 fs; �� picosecondns = 1000 ps; �� nanosecondus = 1000 ns; �� microsecondms = 1000 us; �� millisecondsec = 1000 ms; �� secondmin= 60 sec; �� minutehr = 60 min; �� hourend units;

{ 27 {
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type LENGTH is range 0 to 1E10units�� primary unit:A; �� angstrom�� metric lengths:nm = 10 A; �� nanometerum = 1000 nm; �� micrometer (or micron)mm= 1000 um; �� millimetercm = 10 mm; �� centimeterm = 1000 mm;�� meter�� English lengths:mil = 254000 A;�� milinch= 1000 mil; �� inchend units;{ Floating point typetype REAL is range implementaion de�nedtype PDF is range 0.0 to 1.0
{ 28 {
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� Composite type{ Arraytype MY WORD is array (0 to 31) of BIT;�� a memory word type with an ascending rangetype DATA IN is array (7 downto 0) of MVL4;�� an input data type with a descending rangetype STRING is array (POSITIVE range <>) ofCHARACTER;�� an array type prede�ned in package STANDARDtype BIT VECTOR is array (NATURAL range <>) ofBIT;�� an array type prede�ned in package STANDARDtype MEMORY is array (INTEGER range <>) ofMY WORD;�� a memory array typesubtype BYTE is BIT VECTOR (7 downto 0);type MEMORY1 is array (0 to 31, 7 downto 0) of BIT;type MEMORY2 is array (0 to 31) of BYTE;
{ 29 {
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{ Recordtype DATE isrecordDAY : INTEGER range 1 to 31;MONTH : MONTH NAME;YEAR : INTEGER range 0 to 4000;end record;

{ 30 {
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� Access type{ new NODE �� takes on default initial valuenew NODE
(15 ns, null) �� initial value is speci�ednew NODE
(Delay => 5 ns, Next => Stack)�� initial value is speci�ednew BIT VECTOR
("00110110")�� constrained by initial valuenew STRING(1 to 10) �� constrained by index constraintnew STRING �� illegal: must be constrainedtype ADDRESS is access MEMORY;variable addr : ADDRESS := new MEMORY;

{ 31 {
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�� recursive access typetype CELL; �� incomplete type declarationtype LINK is access CELL;type CELL isrecordVALUE : INTEGER;SUCC : LINK;PRED : LINK;end record;variable HEAD : LINK := new CELL
(0,null);variable NXT : LINK := HEAD.SUCC;

{ 32 {
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�� mutually dependent access typestype PART; �� incomplete type declarationtype WIRE; �� incomplete type declarationtype PART PTR is access PART;type WIRE PTR is accessWIRE;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 accessWIRE LIST;type PART isrecordPART NAME : STRING (0 to 20);CONNECTIONS : WIRE LIST PTR;end record;type WIRE isrecordWIRE NAME : STRING (0 to 20);CONNECTS : PART LIST PTR;end record;
{ 33 {
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� File{ type SFT is �le of STRING �� De�nes a �le type that�� can contain an inde�nite�� number of stringstype NFT is �le of NATURAL �� De�nes a �le type that�� can contain only non-�� negative integer values

{ 34 {
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Object� |��) �'» type¥ �"Æ ÏÚê �"�$�* constant, variable, signal imËØ��(VHDL-939L�) �le ���" m}Ø).� Constant{ Declaration �9LÁÆç U[ �"Æ �$ �/»�-É �%»m}Ø.{ constant PI : REAL := 3.141592;constant CYCLE TIME : TIME := 100 ns;constant Propagation Delay;� Signal{ �$ �%» 9L �"�" �"Æ �$ �/» ?@ ÏÔç �� �,É ÏÚê �"�$ÁÆç object.{ !"�" ]fÁÆç �*&) 2@¥ driver ÉÚê �"�$�* driver ÁÆç !8Ñ :@¥�"Æ �� 9M �"É �$ÁÆç �$5@¥ �"Æ ÏÚê �" �$Ä.{ Assign m�Ñ �"Æ �$ �$5@¥ �"Æ ÏÚê �-¿�,É.{ signal S : BIT VECTOR (1 to 8);signal CLK1, CLK2 : TIME := 0 ns;signal OUTPUT : WIRED OR MVL9;
{ 35 {
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� Variable{ Assignment statement ÉÚê �$ÏÕò!"�* U[ �"Æ ÏÚê �"ÀÖê {��$È ch�*, signal �� �"¿ �$ U[ �"Æ �$ ÐÚä�$ �" �}Ø.{ variable INDEX : INTEGER range 0 to 99 := 0;�� initial value is determined by the initial value�� expressionvariable COUNT : POSITIVE;�� initial value is POSITIVE
LEFT, or 1variable MEMORY : BIT MATRIX (0 to 7, 0 to 1023);�� initial value is the aggregate of the initial value�� of each element

{ 36 {
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� Filearchitecture table of rom istype MVL4 �le is �le of MVL4 vector (7 downto 0);�le rom data: MVL4 �le is in "rom.dat";beginprocess �� (sensitivity list)variable �rst time : BOOLEAN := TRUE;variable data : MVL4 vector (7 downto 0);variable mem is array (0 to 31) ofMVL4 vector (7 downto 0);variable address : NATURAL := 0;beginif �rst time = TRUE then�� initializationwhile not end�le(rom data) loopread(rom data, data);mem(address) := data;address := address + 1;end loop;�rst time := FALSE;else�� behavior of romend if;end process;end table; { 37 {
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5. Structural Description� !"\hö �)ÉÚê subcomponenet¥ �/»�-¿ im ln !8Ñ.� j~Ñ)/» svÊØ �$Ë cgaf:{ Component declaration.{ Component instantiation.{ Con�guration speci�cation.{ Generate statement.

{ 38 {
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Componenet Declaration� Subcomponent ÉÚê instantiation !"�* �"ÏÕò!"�$ �.» 9L �" �"É�,¸ chim �.»�.» ?@ ÐÖï.� Subcomponent¥ interface ÉÚê �,É¥.� component d�port (d, clk, rst: in MVL4;q, qb: out MVL4);end component;component and ngeneric (tp1h, tphl: time := 0 ns;n: positive := 2);port (x: in MVL4 vector(1 to n);y: out MVL4);end component;
{ 39 {
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Componenet Instantiation Statement� Design entity 3@¥ subcomponent instance ÉÚê �"�"3@�* U[ instance¥ port �� signal¥ �/»�-¿ ÏÚê ln !8Ñ !"ÁÆç HL �"ÏÕò.� component and2port (y: out MVL4;in1, in2: in MVL4);end component;� � �a1: and2 port map (load, clk, ena);�� positional associationa2: and2 port map (in1 => clk, in2 => ena,y => load);�� named association

{ 40 {
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component and ngeneric (tp1h, tphl: time := 0 ns;n: positive := 2);port (y: out MVL4;x: in MVL4 vector(1 to n));end component;� � �a3: and n port map (x(1) => clk, x(2) => ena, y=> load);�� use default (n = 2)a4: and n generic map (n => 3)port map (load, x(1)=>clk, x(2)=>ena, x(3)=>rst b);�� positional association followed by named associationcomponent d�port (d, clk, rst: in MVL4;q, qb: out MVL4);end component;� � �d1: d� port map (d(1), load, rst, r(1));d2: d� port map (d(2), load, rst, open, rb(2));�� unconnected port
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Con�guration Speci�cation� Component declaration ÏÚç �" �"É�,¸�'» component ÉÚê �.»�.».� Component instantiation statement ÁÆç �$ �" �"É�,¸ com-ponent ÉÚê instantiation ?@�) �"ÏÕò.� Library 3@¥ design entity �� componenet instance ��¥ binding �$¿ cg | con�guration speci�cation �� con-�guration declaration 3@¥ component con�guration.� �� example 1entity andn isgeneric (tp1h, tphl: time := 0 ns;n: positive := 2);port (output: out MVL4;inputs: in MVL4 vector(1 to n));end andn;architecture behav of andn is� � �begin� � �end behav; { 42 {
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component and ngeneric (tp1h, tphl: time := 0 ns;n: positive := 2);port (y: out MVL4;x: in MVL4 vector(1 to n));end component;�� con�guration speci�cationfor a1: and n use entity prim.andn(behav)port map (inputs => x, output => y);� � �a1: and n generic map (n => 3)port map (load, x(1)=>clk, x(2)=>ena, x(3)=>rst b);

{ 43 {



'

&

$

%

'

&

$

%VHDL¥ �$?@

�� example 2entity d� isport (d, clk, rst: in MVL4;q, qb: out MVL4);end d�;architecture struct of d� is� � �begin� � �end struct;architecture behav of d� is� � �begin� � �end behav;
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component d�port (d, clk, rst: in MVL4;q, qb: out MVL4);end component;�� con�guration speci�cationfor d1,d2: d� use entity WORK.d�(struct);for others: d� use entityWORK.d�(behav);� � �d1: d� port map (d(1), load, rst, r(1));d2: d� port map (d(2), load, rst, open, rb(2));
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Generate Statement� !"\hö �)¥ �$¿ �� ln !8Ñ ÏÚê �*&) �.» �%» ËÔä!"�* �"ÏÕò !|Ô {� �$È \fÉÔä ?@ ÐÖï.� entity reg4 isport (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 issignal load: MVL4;component d�port (d, clk, rst: in MVL4;q, qb: out MVL4);end component;component and ngeneric (tplh, tphl: time := 0 ns;n: integer := 2);port (x: in MVL4 vector (1 to n);y: out MVL4);end component;for all: d� use entityWORK.d�(struct);for ag1: and n use entity prim.andn(behav)port map (inputs => x, outputs => y);{ 46 {
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beginag1: and n generic map (n => 2)port map (x(1) => clk, x(2) => ena,y => load);G4: for i in 1 to 4 generatedf: d� port map (d(i), load, rst, r(i));end generate;end struct;
d(4)

d(3)

d(2)

d(1)

r(3)

r(2)

r(1)

r(4)

loadag1

df(1)

df(2)

df(3)

df(4)

clk
q

rst

d

clk
q

rst

d

clk
q

rst

d

clk

q

rst

d

ena
clk

rst

reg4{ 47 {
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component d�port (d, clk: in MVL4;q: out MVL4);end component;� � �L1: for i in 0 to (n-1) generateL2: if i = 0 generated�x: d� port map (a,clk,z(1));end generate L2;L3: if i = (n-1) generated�x: d� port map (z(n-1),clk,b);end generate L3;L4: if (i>0) and (i<(n-1)) generated�x: d� port map (z(i),clk,z(i+1));end generate L4;end generate L1;
clk

qd

clk

qd

clk

qd

clk

qd

clk

ba
z(n-1)z(1) z(n-2)z(2)

. . .
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6. Data Flow Description� Structural description �� behavioral description¥ ÐÖò�%» �,É�-¸.� |�im �$ �/»�%» �"9L �/»�%» ÏÚê !"�* signal 9L assign !"ÁÆç !6Ü =@.� j~Ñ)/» svÊØ �$Ë cgaf:{ �/»�%» �".{ �$ �/»�%» �".{ Concurrent signal assignment statement.
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�/»�%» �"� �/»�%» �"¥ ÐÔò���� �� �.» ÍØ´$logical operator ::= and j or j nand j nor j xorrelational operator ::= = j /= j < j <= j > j >=adding operator ::= + j { j &sign ::= + j {multiplying operator ::= � j / j mod j remmiscellaneous operator ::= �� j abs j not
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� Logical operator{ and, nand, or, nor, xor, not{ �$ �/»�%» �"¥ type ÏÚç BIT ]fÁÆç BOOLEAN.{ �� signal assignment statements using logical operationsq <= a and b;en <= a or b or c;c <= not (a and b);c <= not a and b; �� equivalent to (not a) and bclk <= not clk after 20 ns;�� boolean expressionsif a and c then�� statements for true expressionelse�� statements for false expressionend if;
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� Relational OperatorOperator Operation Operand Type Result Type= equality any type BOOLEAN/= inequality any type BOOLEAN< <= > >= ordering any scalartypeor discretearray type BOOLEAN{ �/»�%» �" = �� /=ÏÚç �le type ÏÚê :L�$ !~Ñ �"ÉÚç ^fÇÚç type¥ �$ �/»�%» �"9L �,¸ ÏÕò.{ <, <=, >, >= ÏÚç ^fÇÚç scalar type ]fÁÆç discrete ar-ray type 9L �,¸ ÏÕò.(null array) < (non-null array) {> TRUE1, 2, 3 < 2, 3 {> TRUE1, 2, 3 < 1, 3 {> TRUE
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� Adding operator �� sign{ +, {, &(concatenation){ + �� {¥ x� �$ �/»�%» �"ÁÆç �"Í ÏÚç numeric type(integer,
oating point, physical type) �$�)�# !|Ø.{ &¥ �$ �/»�%» �"ÁÆç 1�" ��Ñ array ]fÁÆç array element �$�)�# !|Ø.(1-dimensional array type) & (same array type)(1-dimensional array type) & (the element type)(the element type) & (1-dimensional arrray type)(the element type) & (the element type)a(3 to 7) & b(2 downto 0){ Sign + �� {ÁÆç unary operator im �$ �/»�%» �"ÁÆç numerictype �$�)�# !|Ø.{ Sign ÏÚç multiplying operator �" ��, abs, not _f�" �"ÊÏÚç �� �.» ÍØ´$ÉÚê �" �$Ä.A/+B �� illegal expressionA**{B �� illegal expressionA/(+B) �� legal expressionA**({B) �� legal expression{ 53 {
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� Multiplying operator{ *�� /ÁÆç integer type �� 
oating point type¥ �$ �/»�%» �"9L 4@!"�* �,É¥ m}Ø.{ (physical type) * (INTEGER ]fÁÆç REAL) �� physical type(INTEGER ]fÁÆç REAL) * (physical type) �� physical type(physical type) / (INTEGER ]fÁÆç REAL) �� physical type(physical type) / (physical type) �� universal integer type{ rem�� mod¥ �$ �/»�%» �"ÁÆç integer type �$�)�# !|Ø.{ a := 7 rem 3; �� a becomes 1b := 7 mod 3; �� b becomes 1c := ({7) rem 3; �� c becomes {1d := ({7) mod 3; �� d becomes 2e := 7 rem ({3); �� e becomes 1f := 7 mod ({3); �� f becomes {2g := ({7) rem ({3); �� g becomes {1h := ({7) mod ({3); �� h becomes {1
{ 54 {



'

&

$

%

'

&

$

%VHDL¥ �$?@

� Miscellaneous operator{ abs¥ �$ �/»�%» �"ÁÆç numeric type �$�)�# !|Ø.{ �� ÁÆç ^fÇÚç integer type �� 
oating point type 9L 4@!"�* �,É¥ m}Ø.{ ��¥ t�Ñ ÑÔä �$ �/»�%» �"ÁÆç integer type �� 
oating pointtype �$ ^fx� !.ÏÕò�$�$�%» cfÉÚçÑÔä �$ �/»�%» �"ÁÆç INTE-GER �$�)�# !|Ø.{ ��¥ exponent �" ÏÚï¥ �"Æ ÏÚê �"�$ÁÆç �-É �� t�Ñ ÑÔä �$ �/»�%»�"ÁÆç �%» \h�$ 
oating point type �$�)�# !|Ø.
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Concurrent Signal Assignment Statement� |��) �'» �"Æ, �$Å)-¸ signal, ]fÁÆç �$9L 4@ !~Ñ �/»�%»¥ �-¿ �� ÇÚòÏÚêdelay 9L 4@ !~Ñ �,É _f�� !|Ø BO Ûßú )-¸ signal 9L �.»�"¿.� �"¸ concurrent signal assignment statement ÁÆç !"�"¥ÇÔä �$Åm�Ñ concurrent process im�) ÇÔò �"¸. �$Å)-¸ signal 9L �/»���" �$È ÏÚê CG�"�" �%» ËÔä {� JKÜm}Ø.� Conditional signal assignmentqb <= not q;qb <= not q after 0 ns; �� equivalentq <= not q; �� oscillationarchitecture data 
ow of d� isbeginq <= 
0
 when rst = 
0
 elsed when clk = 
1
 and (not clk
stable) else�� rising edgeq;qb <= not q;end data 
ow;
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architecture data 
ow of register isbeginreg <= data after 2 ns when enable = 
0
 andclk = 
1
 and (not clk
stable) elsereg;end data 
ow;
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� Selected signal assignmentS1: with opcode selectalu 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"j"101",accum when others; �� last choice
Accumulator

ALU
opcode

data

3

accum

alu_out
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� Concurrent assertion statementASS1: assert Clk /= 
X
report "Unknown value on Clk" �� report if Clk = 
X
severity Error;�� one of NOTE, WARNING, ERROR, FAILURE
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7. Behavioral DescriptionProcess Statement� Behavioral description ÏÚç process statement im �$���)�$Ä.� Process statement ÁÆç sequential statement im sv �,É.� 3@��¥ sequential statement ÇÚêÏÚê ÍØ�)4@im wait state-ment ÉÚê �%»�"¿ CG�"�$ �%» ËÔä {� JKÜ!|Ø.� Sensitivity list �" �$È ÁÆç �-É ��9LÁÆç U[ list 9L lm !|Ø �$�) �$È ÁÆçsignal¥ �"Æ �$ �/» ?@�# �%» sequential statement ÇÚê�$ �%» ËÔä{� JKÜm}Ø.� Process statement¥ sensitivity list ÁÆç wait statement�" U[ process 3@¥ �"�$ �"¸ sequential statement im �"Å�$Å�$�) �$È ÁÆç �.Ç �� ÇÔò �$¿!|Ø.� Process statement 9L sensitivity list �" �$È ÁÆç �-É ��9LÁÆçU[ 3@��9L �"ÉÚç wait statement ÉÚê �"ÏÕò !|Ô {� �,Æ ÏÚï.� Sensitivity list \f �,Æ UW wait statement \f �,Æ ÁÆç processstatement ÁÆç z� !~Ñ !$ �%» ËÔä {� JKÜ �$�) �$Ê×êIL�$�/» �$ ÀÆö �"¿ {��,Æ 2L �$^him |�¥?@�# !|Ø.
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�� Three equivalent architecture bodiesarchitecture EX1 of and2 isbeginy <= a and b after 7 ns; �� concurrentend EX1;architecture EX2 of and2 isbeginprocess (a, b) �� sensitivity listbeginy <= a and b after 7 ns; �� sequentialend process;end EX2;architecture EX3 of and2 isbeginp1: processbeginy <= a and b after 7 ns; �� sequentialwait on a, b; �� sequential, explicit wait statementend process p1;end EX3; { 61 {
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architecture behav of clock gen issignal clk1, clk2, phi1: MVL4 := 
0
;beginc1: process (clk1)beginclk1 <= not clk1 after 10 ns;end process c1;c2: processbeginwait until clk1 = 
1
; �� wait for a rising edgeclk2 <= not clk2;end process c2;p1: process(clk1, clk2)beginphi1 <= clk1 and clk2;end process p1;end behav;
{ 62 {



'

&

$

%

'

&

$

%VHDL¥ �$?@

clk1

0 10 20 30 40 50 ns

0 10 20 30 40 50 ns

clk2

0 10 20 30 40 50 ns

phi1
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Sequential Statement� Process �" subprogram 3@9L�) ÍØ�)4@im {� JKÜm}Ø.� sequential statement ::=wait statementj assertion statementj signal assignment statementj variable assignment statementj procedure call statementj if statementj case statementj loop statementj next statementj exit statementj return statementj null statement
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� Wait statement{ Process statement �" procedure¥ {� JKÜ ÏÚê �$¿ �$ �,É �$�$ �$Ä.{ wait statement ::=wait [sensitivity clause] [condition clause][timeout clause];sensitivity clause ::= on sensitivity listcondition clause ::= until conditiontimeout clause ::= for time expression{ Sensitivity clause �" �-É �$�$�) �$È �$ �"½ ch �/» conditionclause¥ df �.» ÏÚê sv �,É !"ÁÆç ^fÇÚç signal �$ sensitivitylist ÉÚê sv �,É !"UW �$È ÁÆç �.Ç �) ),Ä ÇÔò �"¸.
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{ wait; �� inde�nite waitwait on oe, wr, rd; �� sensitivity clausewait until clk = 
1
;�� condition clause, rising edgewait for 50 ns; �� timeout clausewait on oe, wr, rd �� reactivate when one of theuntil ce = 
0
; �� signals in the sensitivity�� list changes AND the�� condition is truewait on oe, wr, rd �� reactivate when one of theuntil ce = 
0
 �� of the signals in the sensitivityfor 200 ns; �� list changes AND the�� condition is true OR when�� the allotted time has elapsed
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� Assertion statement{ �,¿ 2M !~Ñ �.Ç �$ ��Ñ !"ÁÆç 4@im ÇÔò �"¸ !"ÁÆç�$ �,Ä ÐÚò!"ÁÆç HL �"ÏÕò.{ �$ÁÆò �/» 9L�) concurrent assertion statement �� �"Í ÏÚï.

{ 67 {



'

&

$

%

'

&

$

%VHDL¥ �$?@

� Signal assignment statement{ Process statement �" procedure 3@9L�) signal 9L �)03» �"Æ ÏÚê �.»�"¿.{ Driver �" �"Ê UW �$È ÁÆç projected output waveform ÏÚê�/»�-É.{ Target¥ �"Æ �$ ÐÚä�$ �/» !"�$ÁÆç �"½ ch�*, �,¸ �)\f deltadelay ÁÆç �,¿�$Ä.{ process (a, b)beginy <= 10.0 after 20 ns, 20.0 after 40 ns;x <= a xor b; �� implicit "after 0 ns" clause(a, b) <= "10"; �� aggregate targetend process;
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� Variable assignment statement{ Target variable¥ �"Æ ÏÚê ÐÚä�$ �/»�-É.{ processvariable 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 �rst time: boolean := true; �� boolean variablebeginif �rst time = true then...�� initialization�rst time := false;end if;...end process; { 69 {
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data(3 downto 0) := "1100"; �� bit vector variableaddr(7 downto 4) := data(0 to 3);�� implicit subtype conversion{ Process 3@¥ variable ÏÚç process �" �,É �$ �"É =@9L �$È �)\f U[ �"Æ �$ 2MÍÔä ���$�$�" procedure 3@¥ variable ÏÚçreturn !|Ô CG�"�$�%» U[ �"Æ ÏÚê ���$!"�*, �$¿�%» return !"UW �" �/» U[ �"Æ ÏÚê �$Ã ÏÚï.
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� If statement{ if (rst b = 
0
) thenq <= 0;elsif (clk = 
1
) and clk
event thenif (load b = 
0
) thenq <= d;elseq <= q + 1;end ifend if;
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� Case statement{ case state iswhen 0 =>if input = 
1
 thenstate := 1;elsenull;end if;when 1 =>if input = 
0
 thenstate := 3;elsestate := 2;end if;when 2 j 4 =>state := 0;when 3 =>if input = 
0
 thenstate := 2;elsestate := 4;end if;end case; { 72 {
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1
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0,1
0

1
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{ case opcode iswhen "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" j "101" => alu out <= data;when others => alu out <= accum;end case;�� equivalent statement�� concurrent conditional signal assignmentS1: with opcode selectalu 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"j"101",accum when others; �� last choice
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� Loop statement{ �� in�nite loopl1: loopa := a + 1;end loop l1;�� for iteration scheme�� shift left characters in a stringf1: for i in 0 to 3 loopstr(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
 loopindex := index + 1;end loop;
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� Next statement{ Loop statement 9L�) !8Ñ :@¥ �%» ËÔä {� JKÜ ÏÚê ÐÖò �%».{ Loop statement �" t~Ñ in�$�$ �"½ ÏÚç �-É ��9LÁÆç �"ÏÚï �%» ËÔä{� JKÜ ÏÚê 2MÍÔä.{ next statement ::=next [loop label] [when condition];{ Loop label �$ �$È ÁÆç next statement ÁÆç ?@ �"É loop 9L �,¸ÏÕò.{ Loop label �$ �,Æ ÁÆç next statement ÁÆç U[ next state-ment ÉÚê lm !|Ø !"ÁÆç loop ÐÖò �" �"É 3@��¥ loop 9L �,¸ ÏÕò.{ outer loop: for j in 1 to 10 loopinner loop: for i in 1 to 10 loopif j = 4 and i = 5 thennext outer loop;end if;x(j,i) := y(i,j);end loop inner loop;end loop outer loop;
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� Exit statement{ �$ÉÚê lm !|Ø !"ÁÆç loop statement¥ {� JKÜ ÏÚê t~Ñ in!"UW �"�* �"cfÁÆç HL �"ÏÕò.{ exit statement ::=exit [loop label] [when condition];{ Loop label �$ �$È ÁÆç exit statement ÁÆç ?@ �"É loop 9L �,¸ÏÕò.{ Loop label �$ �,Æ ÁÆç exit statement ÁÆç U[ exit state-ment ÉÚê lm !|Ø !"ÁÆç loop ÐÖò �" �"É 3@��¥ loop 9L �,¸ ÏÕò.{ l1: loopa := a + 1;exit l1 when a = 10;end loop l1;
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� Null statement{ �"ÏÚï statement im {� JKÜ ÍØ�)ÉÚê 9Ä �* |�ÁÆç �.Ç �$9LÁÆç �"z� �$¿ \f !"�$ �"½ ÏÚï.{ case opcode iswhen "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" j "101" => accum <= data;when others => null;end case;
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8. SubprogramFunction� Delay �,Æ �$ 2M �%» �-¿ ��ÉÚê return.� Type conversion, overloading operator, signal reso-lution ÇÚò9L �$ÏÕò.� 3@��9L�) signal assignment statement ÉÚê �"ÏÕò !|Ô {� �,ÆÏÚï.� Function declaration function body¥ x� ��ËØchim �,É¥�$�*, U[ �"ÏÕòÏÚç function call im �$���)�$Ä.
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� Type conversion{ �� type de�nition in package declarationsubtype BYTE is BIT VECTOR (7 downto 0);�� function declaration in package declarationfunction byte to int (x:BYTE) return integer;function int to byte (x:integer) return BYTE;�� function body in package bodyfunction byte to int (x:BYTE) return integer isvariable sum: integer := 0;variable weight: integer := 1;beginfor i in 0 to 7 loopif x(i) = 
1
 thensum := sum + weight;end if;weight := weight * 2;end loop;return sum;end;
{ 80 {
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function int to byte (x:integer) return BYTE isvariable result: BYTE;variable temp: integer;begintemp := x;for i in 0 to 7 loopif temp mod 2 = 1 thenresult(i) := 
1
;elsifresult(i) := 
0
;end if;temp := temp / 2;end loop;return result;end;�� signal declaration in architecture bodysignal count: BYTE;�� function call in architecture bodycount <= int to byte (byte to int (count) + 1);
{ 81 {
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� Operator overloading{ �� function body�� "not" is overloaded to handle multiple valued logicfunction "not" (op1: in MVL4) return MVL4 isbegincase op1 iswhen 
0
 => return 
1
;when 
1
 => return 
0
;when others => return 
X
;end case;end "not";architecture df of example issignal x, y, a, b: MVL4�� function declarationfunction "not" (op1: in MVL4) return MVL4;begin...�� following two styles are possiblea <= "not"(b); �� used as a functiony <= not x; �� used as an operator...end; { 82 {
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� Signal resolution{ �"{�¥ driver ÉÚê �" �'» signal¥ �"Æ ÏÚê driver¥ �"Æ ÇÚêim��') 2M �%» !"�$ ´$!"�* resolution function �"ÏÕò.
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{ architecture behav of res ex isfunction wired or (inputs: bit vector) return bit;signal res sig: wired or bit;signal dr1, dr2: bit;beginsource 1: process(dr1)beginres sig <= dr1;end process;source 2: process(dr2)beginres sig <= dr2;end process;end;function wired or (inputs: bit vector) return bit isbeginfor i in inputs
range loopif inputs(i) = 
1
 thenreturn 
1
;end if;end loop;return 
0
;end; { 84 {
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Procedure� Procedure declaration �� procedure body¥ x� ��ËØchim �,É¥�$�*, U[ �"ÏÕòÏÚç procedure call 9L ¥!"�* �$���)�$Ä.� procedure �nish isbeginassert falsereport "Simulation complete";severity failure;end;procedure monitor (name: in string; value: in bit; ) isvariable ...;beginWRITE (strbuf, NOW, RIGHT, 6);WRITE (strbuf, " " & name & "=");WRITE (strbuf, value);WRITELINE (output, strbuf);end;
{ 85 {
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�� sequential procedure callprocesswait for 175 ns;�nish;end process;�� concurrent procedure callarchitecture behav of proc ex isbegin...monitor("clock", clk);monitor("read", rd);monitor("write", wt);end behav;

{ 86 {
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Subprogram Interface� Formal parameter ÁÆç constant, variable, signal ÇÚò¥object class im ËØ��.� in, inout, out ÐÖò !~Ñ �"�$ mode ÉÚê ·$ !|Ø.� interface constant declaration ::=[constant] identi�er list: [in] subtype indication[:= static expression]interface signal declaration ::=[signal] identi�er list: [mode] subtype indication[:= static expression]interface variable declaration ::=[variable] identi�er list: [mode] subtype indication[:= static expression]� Mode �" �-É �$�$�) �$È �$ �"½ ch �/» in chim �%» |�.� Function¥ �-É �� formal parameter¥ mode ÁÆç in �%» !.ÏÕò�$UW object class ÁÆç constant �� signal�%» !.ÏÕò.� �%»�$¿ mode �" in �$UW object class �" �-É �$�$�) �$È �$ �"½ ch�/» constant im �%» |�.� �%»�$¿ mode �" inout�$�" out �$UW object class �" �-É �$�$�) �$È �$ �"½ ch �/» variable im �%» |�.{ 87 {
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� Formal parameter �" signal �$ �/» actual parameter \fsignal.� Formal parameter �" variable �$ �/» actual parameter \fvariable.� Formal parameter �" constant �$ �/» actual parameterÁÆç expression.
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9. �$�"Attribute� �$ÉÚï�$ ËÖö�* �'» �.Ç(named entity) ÏÚç �)Z[ �.Ç �$�" U[ �.Ç �$�"Ê ÁÆç ÒÚä �$É ÏÚê �,É¥!"�$ ´$!"�* attribute ÉÚê �"ÏÕò !|Ô {� �$È ÏÚï.� Prede�ned attribute{ lnÐØ VHDL 9L�)ÁÆç �$�$ �,É¥?@ ÁÔøUW �$È ÁÆç attribute.{ HIGH� INTEGER
HIGH ÁÆç value im INTEGER type �$�" �$¿ {� �$È ÁÆç �" �"É ½Æç �"Æ.� type MEMORY1 is array (0 to 31, 7 downto 0)of BIT;¥ �-É �� MEMORY1
HIGH(2) ÁÆç function �$�*7ÏÚê return.{ RANGE� ´$9L�) �,É¥ !~Ñ MEMORY19L 4@!"�*MEMORY1
RANGE(2) ÁÆç 7 downto 0.{ LENGTH� ´$9L�) �,É¥ !~ÑMEMORY19L 4@!"�*MEMORY1
LENGTH(2)ÁÆç 8(MEMORY1
HIGH(2) {MEMORY1
LOW(2) + 1).{ 89 {
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{ DELAYED� S
DELAYED(T) ÁÆç S ÉÚê T �$ �%»�%» ½Æï �$ �/» �$ �'» �.Ç�� �"Í ÏÚç signal.P: process(S)beginR <= transport S after T;end process;{ STABLE� S
STABLE(T) ÁÆç S 9L T �$ �%» ÇÔò �%» event �" �"¿CKÉ !"�$ �"½�"È ch �/» TRUE, �"¿CKÉJKÛ ch �/» FALSE �'» signal.{ EVENT� S
EVENT ÁÆç S 9L !8Ñ :@¥ �$Ê×êIL�$�/» �"�$½Æê ÇÔò �%»event �" �"¿CKÉJKÛch �/» TRUE, �"�$ �/» FALSE ÉÚê re-turn !"ÁÆç function.� User-de�ned attribute{ �"ÏÕò�"�" �$Ä¥im �,É¥!"�* �"ÏÕò !|Ô {� �$È ÁÆç attribute.{ p {~Ñ�,É ÏÚê ���$!"ÁÆç HL9LÁÆç �"É 9@�" �$^him |�¥.
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{ package physical attributes istype physical size is recordwidth, height: Integer;end record;type location is recordx, y: 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 
ip 
op iscomponent nand gateport (a, b: in bit; y: out bit);end component;attribute placement of nand1: label is (200, 100);attribute placement of nand2: label is (200, 90);beginnand1: nand gate port map (s, qbar, q);nand2: nand gate port map (s, q, qbar);end nand impl; { 91 {
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Delay Modeling� Transport delay model{ �"ÏÚï�� �"Í ÏÚç �� �,É ÏÚê {� JKÜ.1. Projected output waveform 9L ���"!"UW�" !"ÁÆç 8@imÏØ transaction¥ �$ �,Ä �$�¥ �$ �,Ä 9L �$�$ ���"�$�) �$È ÁÆç transaction �$ �$È ch �/» ^fx� :L�) !~Ñ �".2. Projected output waveform 9L 8@imÏØ transac-tion ÏÚê ^fx� ���" !~Ñ �".{ signal s: integer := 0;...processbegin�� transport delay models <= transport 1 after 1 ns,2 after 3 ns,3 after 5 ns;wait;end process;(0, 0 ns) (1, 1 ns) (2, 3 ns) (3, 5 ns)s <= transport 4 after 4 ns;(0, 0 ns) (1, 1 ns) (2, 3 ns) (4, 4 ns){ 92 {
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� Inertial delay model{ �"ÏÚï�� �"Í ÏÚç �� �,É ÏÚê ���"im {� JKÜ.1. 8@imÏØ transaction 9L ^fx� lnÉÚê !~Ñ �".2. �" �"É �$ÉÚç �$ �,Ä¥ 8@imÏØ transaction �� U[ �$¸�.» 9L�$È ÁÆç �$ÐÔç¥ transaction �$ �"Í ÏÚç �"Æ ÏÚê �"�$ �/» U[ �$ÐÔç¥ transaction 9L lnÉÚê !~Ñ �".3. Driver¥ !8Ñ :@ �"Æ 9L ?@ �"É !"ÁÆç transaction 9L lnÉÚê!~Ñ �".4. ln�" �$�) �$È �$ �"½ ÏÚç ^fÇÚç transaction ÏÚê :L�) !~Ñ �".{ signal s: integer := 0;...processbegin�� inertial delay models <= 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){ 93 {
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Entity Statement� Entity declaration 3@9L lm !|Ø �$�) |�im �$Å)-¸ �'»p¥setup/hold time �$�" pulse width ÇÚò �'» ')KL�$ahÉÚê �,Ä�"!"�$ ´$ !~Ñ ÊÔä �,¸ chim �"ÏÕò.� entity Latch isport (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 statementassert Clk=
1
 or Clk
Delayed
Stable(PulseWidth);�� concurrent procedure callCheckTiming(Setup, Din, Load, Clk);end;
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Block Statement� Subcomponent ÉÚê component instantiation statementÉÚê �"ÏÕò!"�$ �"½ UW �$¸�,Å �$ÍÖê.� Nesting �$ �"ÁÆò!"�* 2MÛãò svdfÉÚê ln !8Ñ!|Ô {� �$È ÏÚï.� ... �� full adder descriptionFAdder: blocksignal P, G : bit;begin�� generate P and G signalPGgen: blockbeginP <= A xor B;G <= A and B;end block PGgen;�� generate carry signalCout <= G or (P and Cin);�� generate sum signalSum <= P xor Cin;end block FAdder;...
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...�� full adder descriptionFAdder: blocksignal P, G : bit;begin�� generate P and G signalPGgen: blockport(in1, in2 in : bit;out1, out2 out : bit);port map(in1 => A, in2 => B, out1 => P, out2 => G);beginout1 <= in1 xor in2;out2 <= in1 and in2;end block PGgen;�� generate carry signalCout <= G or (P and Cin);�� generate sum signalSum <= P xor Cin;end block FAdder;...
{ 96 {
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...�� component declarationcomponent FAddCompport(LA, LB, LCin in : bit;LCout, LSum out : bit);end component�� con�guration speci�cationfor FAdder use entity FullAdder(d
ow)port map (in1 => LA, in2 => LB, in3 => LCin,out1 => LCout, out2 => LSum);...�� full adder descriptionFAdder: FullAdderport map (LA => A, LB => B, LCin => Cin,LCout => Cout, LSum => Sum);...
{ 97 {
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entity FullAdder isport(in1, in2, in3 in : bit;out1, out2 out : bit);end FullAdder;architecture d
ow of FullAdder issignal P, G : bit;begin�� generate P and G signalPGgen: blockbeginP <= in1 xor in2;G <= in1 and in2;end block PGgen;�� generate carry signalout1 <= G or (P and in3);�� generate sum signalout2 <= P xor in3;end d
ow;
{ 98 {
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� Guard expression{ GUARD �"ÁÆç boolean type¥ signal �"Æ ÏÚê �-¿�,É.{ Guarded assignment¥ {� JKÜ �*��ÉÚê �-¿�,É.{ Guarded target¥ �-É �� disconnect �*��ÉÚê �-¿�,É.function wired or (inputs: bit vector) return bit isconstant 
oat value: bit := 
0
;beginif inputs
length = 0 then�� this is a bus whose drivers are all o�return 
oat value;elsefor i in inputs
range loopif inputs(i) = 
1
thenreturn 
1
;end if;end loop;return 
0
;end if;end;
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Alias Declaration� ]f �"ÉÚç �$ÉÚïÏÚê ËÖö�* |�ÁÆç HL �"ÏÕò.� variable REAL NUMBER : BIT VECTOR(0 to 31);alias SIGN : BIT is REAL NUMBER(0);alias MANTISSA : BIT VECTOR(23 downto 0) isREAL NUMBER(8 to 31);alias EXPONENT : BIT VECTOR(1 to 7) isREAL NUMBER(1 to 7);
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Con�guration Declaration� �-¿ \f¥ library unit 9L�) component instance �� designentity¥ binding ÏÚê ?@ ÐÖï.� Architecture body ÁÆç U[4@im x�UW component¥ bind-ing 9L 4@ !~Ñ �,É _fÉÚê ^f�" ÁÔøÏÚç con�guration declaration�%» {� �,É.� �� an architecture of a microprocessorarchitecture Structure View of Processor iscomponent ALU port (...) end component;component MUX port (...) end component;component Latch port (...) end component;beginA1: ALU port map (...);M1: MUX port map (...);M2: MUX port map (...);M3: MUX port map (...);L1: Latch port map (...);L2: Latch port map (...);end Structure View;
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library TTL, WORK;con�guration V4 27 87 of Processor isuse WORK.all;for Structure View �� (external) block con�gurationfor A1:ALU �� component con�gurationuse con�guration TTL.SN74LS181;end for;for M1,M2,M3: MUXuse entity Multiplex4(Behavior);end for;for all: Latch�� use defaultsend for;end for;end V4 27 87;
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for D1: DSPfor DSP STRUCTURE�� Binding speci�ed in design entity or else defaultsfor Filterer�� Con�guration items for �ltering componentsend for;for Processor�� Con�guration items for processing componentsend for;end for;end for;
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10. VHDL-87�� VHDL-93¥ �"ÉÚç �,ÄGroup� �*&) 2@¥ named entity ÉÚê !"�"¥ U[ÉÖðchim �"ÉÖê {� �$È \fÉÔä !|Ø.� group PIN2PIN is (signal, signal);�� Groups of this type consist of two signalsgroup RESOURCE is (label<>);�� Groups of this type consist of any number of labelsgroup DIFF CYCLES is (group <>);�� A group of groupsgroup G1: RESOURCE(L1, L2);�� A group of two labelsgroup G2: RESOURCE(L3, L4, L5);�� A group of three labelsgroup C2Q: PIN2PIN(PROJECT.GLOBALS.CK,Q);�� Groups may associate named�� entities in di�erent declarative�� parts (and regions)group CONSTRAINT1: DIFF CYCLES(G1, G2);�� A group of groupsattribute PROPAGATION DELAY: TIME;attribute PROPAGATION DELAY of C2Q: groupis 150 ns; { 104 {
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File� VHDL-87 9L�)ÁÆç �le �$ variable object im ËØ��.� VHDL-93 9L�)ÁÆç S �.» FG object im �le object �" ���" m}Ø.� File ÏÚê �"ÏÚï4@im �-¿ UW �"¾ ÏÚê {� �$È ÏÚï(procedureFILE OPEN, FILE CLOSE ���").� Mode �$ �,É �"ÁÆò(READ MODE, WRITE MODE,APPEND MODE).� FILE OPEN STATUS �$ ��Ñ.
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Shared Variable� �$¿�%» loimU[5@�$É �.» �)9L�)¥ global variable �-¸!|Ô ÏÚê !|Ø.� Signal im �)�$ !|Ô {� �,Æ ÁÆç �-É ��( �"Í ÏÚç �$ �,Ä 9L�) �"Æ �$ 2MÍÔä�/»!|Ô CG �"Î¥ �"Æ ÇÚê�$ z��$�$�/» ¼¾ç �%»!~Ñ �-É ��) 9L +/» �$ !|Ø.� variable declaration ::=[shared] variable identi�er list : subtype indication[ := expression];
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Impure Function� Stack operation ]fÁÆç �%» {� �"¿CKÉ �$: �"Í ÏÚç actual param-eter¥ �"Æ chim �"Í ÏÚç function ÏÚê ËÖê&)\f �"ÉÚç �"Æ ÏÚê return.� Impure function 9L�)ÁÆç �le �$�" shared variable �� �"ÍÏÚç �$�� �"inÉÚê �$À UW ÎÚê {� �$È ÏÚï(side e�ect).� �le F: TEXT is "�lename";impure function GET INTEGER return INTEGER isvariable L: LINE;variable DATA: INTEGER;beginREADLINE(F, L);READ(L, DATA);return DATA;end GET INTEGER;
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Component Instantiation� Design entity ÉÚê instatiation !|Ô CG component decla-ration �� con�guration speci�cation �$ �,Æ �)\f m}Ø.� VHDL-93 syntax:component instantiation statement ::=instantiation label:instantiated unit[generic map aspect][port map aspect];instantiated unit ::=[component] component namej entity entity name [(architecture identi�er)]j con�guration con�guration name
{ 108 {
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� �� instantiation of a componentcomponentCOMP 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 =>S2);�� instantiation of a design entityC: entityWork.X(Y) port map(P1 => S1, P2 =>S2);�� instantiation of a design entity through�� con�guration declarationcon�guration Alpha of X isfor Y...end for;end con�guration Alpha;C: con�guration Work.Alphaport map(P1 => S1, P2 =>S2);{ 109 {
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Incremental Binding� Primary binding: con�guration speci�cation 9L�)¥binding� Incremental binding: component con�guration 9L�)¥binding. Con�guration declaration 9L�) generic¥ �"Æ�$�" port¥ �/»�-¿ �/»�-É �"ÁÆò. Backannotation 9L �$ÏÕò �"ÁÆò.
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� entity XOR GATE isgeneric(I1toO,I2toO: DELAY LENGTH := 4 ns);port(I1,I2: in BIT; O: out BIT);end entity XOR GATE;archetecture Structure of Half Adder is...component XOR GATE isgeneric(I1toO,I2toO: DELAY LENGTH);port(I1,I2: in BIT; O: out BIT);end component XOR GATE;for L1: XOR GATE useentityWORK.XOR GATE(Behavior)�� primary binding indicationgeneric map(3 ns, 3 ns)port map(I1=>I1, I2=>I2, O=>O);...begin...L1: XOR GATE port map(X,Y,Sum);...end architecture Structure;con�guration Di�erent of Half Adder isfor Structurefor L1: XOR GATEgeneric map(2.9 ns, 3.6 ns);�� incremental binding indicationend for... end forend con�guration Di�erent;{ 111 {
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Postponed Process� Postponed process: �"�$ �"¸ �$Ê×êIL�$�/» �"�$½Æê9L�)�%» {�JKÜ �$ÁÆç process.� Qbar <= not Q;postponed assert Qbar = not Qreport "Error in Qbar";

{ 112 {



'

&

$

%

'

&

$

%VHDL¥ �$?@

Operator� Logical operator: and, or, nand, nor, xor, not 9L xnor���".� Shift operator: sll, srl, sla, sra, rol, ror ���".
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Inertial Delay Model� Transport delay: ÓÔä�$ �"¸ ÏÚç +,¿ ah\f ^fx� ÒÔò��.� Inertial delay: |��) �'» �$ �%» �$3@¥ ÓÔäÏÚê �"Ê ÁÆç +,¿ ahÁÆç :L�) m}Ø. :L�)ÉÚê ´$ !~Ñ �$ÐØ �$ �%»(pulse rejection limit) ÏÚê Ûßú)-¸ �$ �$ �/» �$ÁÆç �$ �%» _f�" �"¸ 2L !|Ô {� �$È ÏÚï.� �� The following three assignments are equivalent to each otherOutput pin <= Input pin after 10 ns;Output pin <= inertial Input pin after 10 ns;Output pin <= reject 10 ns inertial Input pin after 10 ns;�� The following two assignments are equivalent to each otherOutput pin <= transport Input pin after 10 ns;Output pin <= reject 0 ns inertial Input pin after 10 ns;Output pin <= reject 7 ns inertial Input pin after 10 ns;�� results in the same output as the following two assignments�� involving an extra signal TempTemp <= inertial Input pin after 7 ns;Output pin <= transport Temp after 3 ns;
{ 114 {
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Prede�ned Attribute� BEHAVIOR �� STRUCTURE �"¸ :L.� ASCENDING, IMAGE, VALUE, DRIVING, DRIV-ING VALUE, SIMPLE NAME,INSTANCE NAME, PATH NAME ���".
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Foreign Architecture �� Foreign Subprogram� Non-VHDL ��ËØ�� VHDL ��ËØ¥ �'» ')KL�$ahÉÚê :L¼¾ò.� function F return INTEGER;attribute FOREIGN of F: function is"implementation-dependent information";
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Una�ected� �$ÐÔç¥ ÊØ:L:architecture data 
ow of latch isbeginwith clock selectoutput <= input after 5 ns when 
1
,output when others;end data 
ow;Signal output¥ driver �" �$ÐÔç9L �"Ê UW �$È ÁÆç transaction�$ 8@imÏØ transaction 9L ¥!"�* ^fx� :L�) m}Ø.� {� �,É �:architecture data 
ow of latch isbeginwith clock selectoutput <= input after 5 ns when 
1
,una�ected when others;end data 
ow;
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Generate Statement 3@¥ Declarative Part� �$ÐÔç¥ ÊØ:L:entity reg4 isport (clk, ena, rst: in MVL4;d: in MVL4 vector (4 downto 1);r: out MVL4 vector (4 downto 1));end reg4;architecture struct of reg4 issignal load: MVL4;component d�port (d, clk, rst: in MVL4;q, qb: out MVL4);end component;component and ngeneric (tplh, tphl: time := 0 ns;n: integer := 2);port (x: in MVL4 vector (1 to n);y: out MVL4);end component;for all: d� use entityWORK.d�(struct);�� con�guration speci�cation of df in G4?for ag1: and n use entity prim.andn(behav)port map (inputs => x, outputs => y);beginag1: and n generic map (n => 2)port map (x(1) => clk, x(2) => ena,y => load);G4: for i in 1 to 4 generatedf: d� port map (d(i), load, rst, r(i));end generate;end struct; { 118 {
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� {� �,É �:architecture struct of reg4 issignal load: MVL4;component d�port (d, clk, rst: in MVL4;q, qb: out MVL4);end component;component and ngeneric (tplh, tphl: time := 0 ns;n: integer := 2);port (x: in MVL4 vector (1 to n);y: out MVL4);end component;for ag1: and n use entity prim.andn(behav)port map (inputs => x, outputs => y);beginag1: and n generic map (n => 2)port map (x(1) => clk, x(2) => ena,y => load);G4: for i in 1 to 4 generatefor df: d� use entityWORK.d�(struct);�� con�guration speci�cation of dfbegindf: d� port map (d(i), load, rst, r(i));end generate;end struct;
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Signature� Attribute name 9L�)¥ pre�x �" entity designator ]fÁÆç alias declaration 9L�)¥ name �$ overload m�Ñ sub-program �$�" overload m�Ñ enumeration literal �'» �-É ��U[ svËØ�$ �$¿ cg.� function "or" (Left, Right: MVL) return MVL;attribute BuiltIn of"or" [MVL, MVL return MVL]: function is TRUE;�� Because of the presence of the signature, this attribute�� speci�cation decorates only the "or" function��declared above.type OpCode is (NOP,ADD,SUB,AND,OR,JMP);attribute Mapping of JMP [return OpCode]: literalis "001";
{ 120 {
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Alias� Object �$�$9L\f alias ÉÚê ËÖö�*�) �"ÏÕò !|Ô {� �$È \fÉÔä {|Ð�"É.� Q 9L import m�Ñ X 9L 4@ !~Ñ alias ÉÚê \alias Y is X;"�� �"Í�$ �.»�.» !" �/» Y ÁÆç R im export m}Ô {� �$È ÏÚï.� alias STD BIT is STD.STANDARD.BIT;�� explicit alias declaration�� implicit alias declarations�� alias 
0
 is STD.STANDARD.
0
�� [return STD.STANDARD.BIT];�� alias 
1
 is STD.STANDARD.
1
�� [return STD.STANDARD.BIT];�� alias "and" is STD.STANDARD."and"[STD.STANDARD.BIT, STD.STANDARD.BITreturn STD.STANDARD.BIT];�� alias "or" is STD.STANDARD."or"[STD.STANDARD.BIT, STD.STANDARD.BITreturn STD.STANDARD.BIT];...
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�$�"� Formal port 9L 4@ÏÚò�$ÁÆç actual im expression \f !.ÏÕò.� ISO 8-bit coded character set(ISO 8859-1:1987(E)) chim {|Ð�"É.� Basic identi�er 9L extended identi�er ÉÚê ���" {|Ð�"É.nBUSn,nbusn �� Two di�erent identi�ers, neither of�� which is the reserved word busnannbn �� An identi�er containing three charactersn74LS00n �� An identi�er� Bit string literal ÏÚê BIT type¥ array im��') 
0
��
1
im �%» �$���)�'» string literal im �/»�-É.type MVL is (
X
,
0
,
1
,
Z
);type MVL VECTOR is array (NATURAL range <>)of MVL;constant c3: MVL VECTOR := O"777";�� c3="111111111";
{ 122 {
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� Report statement ���".� Concatenation �-¿ ��¥ t�Ñ ÑÔä bound ÁÆç �-¿ ��¥ base type�$ �"Ê ÁÆç index subtype¥ t�Ñ ÑÔä bound.� Formal �� actual¥ association 9L�) type¥ �/»{~Ñ ÏÚê ´$?@�) conversion function �$9L type conversion �"ÏÕò �"ÁÆò.� Sequential statement 9L\f label ln�$ �"ÁÆò.� STANDARD package 9L subtype DELAY LENGTHÉÚê �.»�.».subtype DELAY LENGTH is TIMErange 0 fs to TIME
HIGH;impure function NOW return DELAY LENGTH;

{ 123 {


