’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

VHDLě ı$?@

Ź$‹$ı-É

)ÏÖê4@!|ÐUX ȷ.żȷ"ĳ¿ò!|ÐŇđ

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

ÊÔäfi"

1. )ÉÔç 2. ‹$ËÔç sv,É

3. Lexical Element 4. TypeŇđ Object 5. Structural Description 6. Data Flow Description 7. Behavioral Description 8. Subprogram

9. ‹$ffi"

10. VHDL-87Ňđ VHDL-93ě ”"ÉÚç ȷ,Ä

– 2 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

1. )ÉÔç

VHDLě ÛSSú!8Ñ 7@‹-É

• IC ]fÁÆç $ahXZÄě ËÔäȷ"Å\fŰđ !|ØBO U[ ,£2Mě “%żı$\f ĳÆðÐÚò.

• Top-down ,£2M. Algorithmic level, register transfer level ÇÚò high-level9L) ,£2M $ȷ"ÿ.

ko@Mżȷ$ah’) 10^5 –¿ cell 10^4 –¿ block 10^2 –¿ module 10^1

–¿ VLSI –¿ $ahXZÄ.

• loimU[@KÄÏÚê »%żÇÚê ÇÚñ HDL(Hardware Description Lan-

guage)ÏÚê ı$ÏÕò!"ı* !"\höı)ÉÚê ln!8Ñ.

• CAD toolÏÚê ı$ÏÕò!"ı* ȷ"ÇÔòȷ,ÿchim (ffl$£cg9L „"«" {-ÇÔòȷ,ÿı’ż

–"É–,Å\f "ÏÕò!"ı*) low-levelě ,£2MÉÚê CKÉ,É. • ,£2M ‹$‹%ż ”%żÛSSù, ,£2M j~Ñ«$, UX{~Ñ, :@"ÏÕò9L qŇđȷ,ÿ.

• HDLÏÚç 1970<ż4@ĆĹ’) »"¡ÏÚç j~Ñ$ÄÏÚê ^fÏÚï. CDL, DDL, ISP, PMS, AHPL ÇÚò.

• lnÐØ HDLě ffl$£cg,É ı’ż$ÿ.

– 3 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• VHDLě ĳ¿ò$ÿȷ,ÿ ÁÔçěÁÆç 1981<ż VHSIC programě ı$£

{~Ñchim $ȷ"ÿ.

• :Lı%ż cgfi,ÜÏÚç »$ĳÂä ĳ¿òĳÄ9L) ȷ"ÿ,É 1983<ż jm9L {|Ðȷ,É.

• Intermetrics, IBM, Texas InstrumentsŰđ VHDL »$Ë ȷ$

ŠŮÑ aflokoöı)ě 2@–"£9L 4@!~Ñ 2Mı#ÿ.

• 1985<ż VHDL version 7.2.

• 1987<ż 12ŠŰÔ IEEE Computer Society %ż!" VHDL Analysis and Standardization Groupı$ IEEE Standard 1076-1987im {|Ðȷ,É.

• »$ĳÂä ĳÂä–"É,ÉÏÚç military standard 454im ȷ$ȷ,É. • »"¡ÏÚç CAD İ$"ÇÚêı$ VHDL ȷ$ŠŮÑ toolÏÚê ”"ĘĹı) 2@–"£.

• 1993<ż 8@imÏØ versionÏÚê IEEE Standard 1076-1993ch

im {|Ðȷ,É.

– 4 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

VHDLě ÒÚäȷ$É

• ln!8Ñ ÁÆò)-ÿ

– 2Lı$ko {-ÐØ9L) $ahXZÄ {-ÐØ›"ȷ$.

– Structural, behavioral, data flow, mixed description. – Transport, inertial delay model. – User-defined resolution function.

• ,£2M j~Ñ«$9L 4@!~Ñ ȷ$ŠŮÑ

– Package.

– Multiple architecture bodies.

– Generic, generator ÇÚòÏÚê ı$ÏÕò!~Ñ parameterized design.

• {|Ðȷ"É,É

– User-defined attribute. – User-defined type. – Overloading.

• CAD tool Ňđě ı/ż‹-£ ÊØ:L

– $ÊŒêILı$/ż ȷ$!#Üȷ,ÿ ı.żı).

– Synthesis, timing verification, critical path analysis, testing ÇÚò9L 4@!~Ñ ȷ$ŠŮÑ ĆĹÐÔä.

– 5 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• $ÊŒêILı$/ż ^fVZ£

– 6 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• $ÊŒêILı$/ż Ňđȷ,É

– 7 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

2. ‹$ËÔç sv,É

• Ź$af!~Ñě ”%żť$ÁÆç design entity.

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

• −− 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 ¡= x;

else

mout ¡= y; end if;

end process; end behav;

– 8 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Entity Declaration

• InterfaceÉÚê ȷ,Éě

– Port – Generic(Parameterized design9L "ÏÕò)

• Syntax

entity declaration ::=

entity entity name is [generic (generic list);] [port (port list);]

{entity declarative item} [begin

entity statement part] end [entity name];

[...] : 0 –.ż ]fÁÆç 1 –.ż –%żËÔä {...}: 0 –.ż ı$"É –%żËÔä

– 9 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Architecture Body

• BehaviorÉÚê ȷ,Éě

• ”"ÏÚïŇđ ‹"ÍÏÚç descriptionı$ ‹"ÁÆò

– Structural description – Data flow description – Behavioral description – Mixed description

• architecture body ::= architecture architecture name of entity name is {architecture declarative item} begin

{concurrent statement} end [architecture name];

– 10 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Multiplexerě structural description

−− Structural description library prim;

use prim.gates.all;

architecture struct of mux is signal selb, t1, t2: BIT; −− configuration specification begin

i1: 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;

– 11 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Multiplexerě 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 ¡= t1 or t2; end dflow;

– 12 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

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, y, 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);

– 13 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

begin −− component instantiation statement −− for mux component instantiation m1: 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;

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 −− header process

variable strbuf: LINE; begin

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

end process;

– 14 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

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

begin

WRITE ( 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 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

  time sel x1 x2 y
  0 ns 0 0 0 0
  0 ns 0 1 0 0
 25 ns 0 0 1 0
 25 ns 0 0 1 1
 50 ns 1 1 0 1
 75 ns 1 0 1 1
 75 ns 1 0 1 0
100 ns 0 1 0 0
125 ns 1 1 0 0
125 ns 1 1 0 1

– 16 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Package

• Üãç!$ bhı$ÁÆç typeı$“" subprogram ÇÚòÏÚê !~Ñ ȷ"Éaf9L ^fı" .żı.ż?@ ÇÖïchim, ”"ÉÚç ı*&) ,£2M‹" ĳ¿òĎĽ!"ı* "ÏÕò!|Ô {- ı$È \fÉÔä ?@ ÐÖï.

• CŰđ ‹"ÍÏÚç loimU[5@»$É ı.żı)9L) include(header) fileŇđ

library(archive) fileÏÚê ı$ÏÕò!"ı* typeı$“" subprogram

ÏÚê ı*&) loimU[@KÄ9L) ĳ¿òĎĽ!"ı* "ÏÕò!|Ô {- ı$È2L !"ÁÆç ‹.ÇŇđ Üãý".

• Design entityŰđ »"fi~Ñ‹"ȷ$im x- ĆĹËØchim “"Ľ}Ø.

package = package declaration(interface)

+ package body(subprogram body)

• 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];

– 17 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

−− package declaration package four valued logic is type MVL4 is ('0', '1', 'X', 'Z'); type MVL4 vector is

array(integer range ¡¿) of MVL4; function "and" (l, r: MVL4) return MVL4; −− other function declarations such as "or" and "xor" component and2

port (output: out MVL4;

input1: in MVL4; input2: in MVL4);

end component;

−− other component declarations such as or2 and xor2 end four valued logic;

– 18 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

−− package body package body four valued logic is function "and" (l, r: MVL4) return MVL4 is begin

if l = '0'or r = '0'then return '0';

elsif l = '1'and r = '1'then return '1';

else

return 'X'; end if;

end;

−− other function definitions end four valued logic;

– 19 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Design UnitŇđ ËØ,ÿ

• Design unit: ÇÔä«$Åȷ,ÿchim ËØ,ÿm}Ô {- ı$ÈÁÆç ”%żť$. entity declaration, architecture body, package declaration, package body ÇÚò.

• Design unitÏÚç ËØ,ÿŔ$»/ż ÐÖò‹%ż !6Ü=@(intermediate form)

im Ŕ$ı) ÇÔä«$Åȷ,ÿchim library9L ȷ)ȷ"Ém}Ø(library unit).

• Design fileÏÚç ı*&) 2@ě design unitchim ı$ĄĹı)ȷ$»*, ı*

&) 2@ě design unitÏÚê lm!|Ø!"ÁÆç physical fileim sv!8Ñ.

• 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

– 20 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@ primary unit ::=

entity declaration | configuration declaration | package declaration

secondary unit ::=

architecture body | package body

• ËØ,ÿ ÍØ)

– |-ı)ȷ’ż design unitÏÚê ËØ,ÿ!"‹$ ȷ.ż9L U[ design unitı$ fi|Ødf(reference)!"ÁÆç ^fÇÚç ”"ÉÚç primary unitÇÚêÏÚê ËØ ,ÿ?@ı# !~Ñ”".

– Secondary unitÏÚê ËØ,ÿ!"‹$ ȷ.ż9L 4@ÏÚòŔ$ÁÆç primary unitÏÚê ».żȷ) ËØ,ÿ?@ı# !~Ñ”".

– 21 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Design Library

• Design unitı$ ËØ,ÿm-Ñ ‹-£Ňđı’ż ÐÖò‹%ż !6Ü=@ě ȷ"in(library unit)‹" ȷ)ȷ"ÉŔ$ÁÆç ȷ"Éaf.

• Fileı$“" directoryim sv!8Ñ. • Resource sharingÏÚê ‹"ÁÆò!"2L ?@ ÐÖï.

• ‹"ÿ‹"ÿě design libraryÁÆç !"“"ě “logical name”ÏÚê ‹"ȷ$Ä.

• VHDLÏÚç logical nameı$ STDı’ż design libraryÉÚê ȷ$

ŠŮÑ. ı$ÁÆç STANDARD«"ÁÆç packageŰđ TEXTIO«"ÁÆç

packageÉÚê lm!|Ø.

• WORK«"ÁÆç logical nameÏÚê ‹"ÊÁÆç design libraryÁÆç ËØ

,ÿ!|Ô CG9L "ÏÕòŔ$ÁÆç working libraryı$Ä.

• LibraryŰđ ı$9L lm!|Øm-Ñ packageÉÚê "ÏÕò!"&*»/ż library clauseŰđ use clauseÉÚê ı$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 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

3. Lexical Element

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

– 4@ÊØȷ": A – Z – ÍÖñȷ": 0 – 9 – ÒÚä{- ÊØȷ": " # & '( ) * + , - . / : ; ¡ = ¿ |

– space character: space charater – format effector: horizontal tab, vertical tab, carriage return, line feed, form feed

– afÊØȷ": a – z – ‹$ffi" ÒÚä{- ÊØȷ": ! $ % @ ? [ \ ] ^ ` { }~

• Character literal, string literal, comment Ű$9LÁÆç caseinsensitive.

• Identifier: letter{[ ]letter or digit}.

CLOCK, Clock, clock, D1, D 1A

• Literal: decimal, based, character, string, bit string.

– 23 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Literal

• Decimal literal:

12 0 1E6 123 456 −− ȷ,É{- literal 12.0 0.0 0.456 3.14159 26 −− $£{- literal 1.34E–12 1.0E+6 6.023E24 03.14E0 −− ȷ${-‹" ı$ÈÁÆç

$£{- literal

• Based literal:

−− integer literals of value 255 2#1111 1111#16#FF# 016#0ff#

−− integer literals of value 224 16#E#E1 2#1110 0000#

−− real literals of value 4095.0 16#F.FF#E+2 2#1.1111 1111 111#E11

• Character literal:

'A' '*' ''' ' '

– 24 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• 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 } 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 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

4. TypeŇđ Object

Type

• Scalar type

– Enumeration type

type BOOLEAN is (FALSE, TRUE); −− predefined type BIT is ('0', '1'); −− predefined type MVL4 is ('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 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

– 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;

– 27 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

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

– 28 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• 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 MEMORY2 is array (0 to 31) of BYTE;

– 29 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

– Record type DATE is record

DAY : INTEGER range 1 to 31; MONTH : MONTH NAME;

YEAR : INTEGER range 0 to 4000; end record;

– 30 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• 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) −− initial 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;

– 31 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

−− 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;

– 32 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

−− 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;

– 33 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• 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

– 34 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Object

• |-ı)ȷ’ż typeě ‹"ÆÏÚê ‹"ȷ$»* constant, variable, signalim ËØĄĽ(VHDL-939L) file ĚĹ‹"m}Ø).

• Constant

– Declaration Ł9LÁÆç U[ ‹"Æı$ –/ż‹-É ı%żm}Ø. – constant PI : REAL := 3.141592;

constant CYCLE TIME : TIME := 100 ns; constant Propagation Delay;

• Signal

– $‹%ż9L „"«" ‹"Æı$ –/ż?@ ÏÔç Ňđȷ,ÉÏÚê ‹"ȷ$ÁÆç object. – !"“" ]fÁÆç ı*&) 2@ě driverÉÚê ‹"ȷ$»* driverÁÆç !8Ñ:@ě ‹"ÆŇđ 9M"ÉŔ$ÁÆç »$5@ě ‹"ÆÏÚê ‹"ȷ$Ä.

– Assignm-Ñ ‹"Æı$ »$5@ě ‹"ÆÏÚê ‹-£ȷ,É. – signal S : BIT VECTOR (1 to 8);

signal CLK1, CLK2 : TIME := 0 ns; signal OUTPUT : WIRED OR MVL9;

– 35 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Variable

– Assignment statementÉÚê ı$ÏÕò!"ı* U[ ‹"ÆÏÚê –"ÀÖê {-

ı$Èch»*, signalŇđ ”"£«$ U[ ‹"Æı$ ÐÚä$ –"Ĺ}Ø.

– variable 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

– 36 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• File

architecture table of rom is type MVL4 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 + 1;

end loop;

first time := FALSE; else

−− behavior of rom end if;

end process; end table;

– 37 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

5. Structural Description

• !"\höı)ÉÚê subcomponenetě ı/ż‹-£im ln!8Ñ. • j~Ñ)/ż svÊØ »$Ë cgaf:

– Component declaration. – Component instantiation. – Configuration specification. – Generate statement.

– 38 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Componenet Declaration

• SubcomponentÉÚê instantiation!"ı* "ÏÕò!"‹$ ȷ.ż9L ‹""É

ȷ,ÿchim .żı.ż?@ ÐÖï.

• Subcomponentě interfaceÉÚê ȷ,Éě.

• component dff

port (d, clk, rst: in MVL4;

q, qb: out MVL4); end component;

component and n generic (tp1h, tphl: time := 0 ns;

n: positive := 2);

port (x: in MVL4 vector(1 to n);

y: out MVL4); end component;

– 39 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Componenet Instantiation Statement

• Design entity 3@ě subcomponent instanceÉÚê “"ffi"3@

»* U[ instanceě portŰđ signalě ı/ż‹-£ÏÚê ln!8Ñ!"ÁÆç HL " ÏÕò.

• component and2

port (y: out MVL4;

in1, in2: in MVL4); end component; · · · a1: and2 port map (load, clk, ena);

−− positional association a2: and2 port map (in1 =¿ clk, in2 =¿ ena,

y =¿ load);

−− named association

– 40 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

component and n

generic (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 association

component dff

port (d, clk, rst: in MVL4;

q, qb: out MVL4); end component; · · · d1: dff port map (d(1), load, rst, r(1)); d2: dff port map (d(2), load, rst, open, rb(2));

−− unconnected port

– 41 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Configuration Specification

• Component declarationÏÚç ‹""Éȷ,ÿı’ż componentÉÚê .ż

ı.ż.

• Component instantiation statementÁÆç ı$ ‹""Éȷ,ÿ componentÉÚê instantiation?@) "ÏÕò.

• Library 3@ě design entityŰđ componenet instanceŰđ

ě binding ffl$£cg — configuration specificationŇđ con-

figuration declaration 3@ě component configuration.

• −− example 1

entity andn is

generic (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 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

component and n

generic (tp1h, tphl: time := 0 ns;

n: positive := 2); port (y: out MVL4;

x: in MVL4 vector(1 to n)); end component;

−− configuration specification for 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 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

−− example 2 entity dff is

port (d, clk, rst: in MVL4;

q, qb: out MVL4); end dff;

architecture struct of dff is · · · begin · · · end struct;

architecture behav of dff is · · · begin · · · end behav;

– 44 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

component dff

port (d, clk, rst: in MVL4;

q, qb: 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, rb(2));

– 45 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Generate Statement

• !"\höı)ě ı$£ĆĹ ln!8ÑÏÚê ı*&) –.ż –%żËÔä!"ı* "ÏÕò!|Ô {- ı$È\f ÉÔä ?@ ÐÖï.

• 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); for ag1: and n use entity prim.andn(behav) port map (inputs =¿ x, outputs =¿ y);

– 46 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

begin

ag1: and n generic map (n =¿ 2) port map (x(1) =¿ clk, x(2) =¿ ena,

y =¿ load);

G4: for i in 1 to 4 generate

df: dff port map (d(i), load, rst, r(i)); end generate;

end struct;

– 47 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

component dff

port (d, clk: in MVL4;

q: out MVL4); end component; · · · L1: for i in 0 to (n-1) generate L2: if i = 0 generate

dffx: dff port map (a,clk,z(1)); end generate L2;

L3: if i = (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;

– 48 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

6. Data Flow Description

• Structural descriptionŇđ behavioral descriptioně ÐÖò

‹%ż ,É‹-ÿ.

• |-im ffl$ı/ż%żȷ"9L ı/ż%żÏÚê !"ı* signal9L assign!"ÁÆç !6Ü=@. • j~Ñ)/ż svÊØ »$Ë cgaf:

– ı/ż%żȷ". – ffl$ı/ż%żȷ".

– Concurrent signal assignment statement.

– 49 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

ı/ż%żȷ"_•

ı/ż%żȷ"ě ÐÔòĄĽŰđ ĎĹ.ż ÍØť$

logical operator ::= and | or | nand | nor | xor

relational operator ::= = | /= | ¡ | ¡= | ¿ | ¿=

adding operator ::= + | – | &

sign ::= + | –

multiplying operator ::= ∗ | / | mod | rem

miscellaneous operator ::= ∗∗ | abs | not

– 50 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Logical operator

– and, nand, or, nor, xor, not

– ffl$ı/ż%żȷ"ě typeÏÚç BIT ]fÁÆç BOOLEAN.

– −− signal assignment statements using logical operations

q ¡= a and b; en ¡= a or b or c; c ¡= not (a and b);

c ¡= not a and b; −− equivalent to (not a) and b clk ¡= not clk after 20 ns;

−− boolean expressions if a and c then

−− statements for true expression else

−− statements for false expression end if;

– 51 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Relational Operator

Operator Operation Operand Type Result Type = equality any type BOOLEAN /= inequality any type BOOLEAN

¡ ¡= ¿ ¿= ordering any scalar_{type}

or discrete array type

BOOLEAN

– ı/ż%żȷ" =Ňđ /=ÏÚç file typeÏÚê :LŰ$!~Ñ ”"ÉÚç ^fÇÚç type ě ffl$ı/ż%żȷ"9L ȷ,ÿÏÕò.

– ¡, ¡=, ¿, ¿=ÏÚç ^fÇÚç scalar type ]fÁÆç discrete ar-

ray type9L ȷ,ÿÏÕò.

(null array) ¡ (non-null array) –¿ TRUE 1, 2, 3 ¡ 2, 3 –¿ TRUE 1, 2, 3 ¡ 1, 3 –¿ TRUE

– 52 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Adding operatorŰđ sign – +, –, &(concatenation)

– +Űđ –ě x- ffl$ı/ż%żȷ"ÁÆç ‹"ÍÏÚç numeric type(integer,

floating point, physical type)ı$ı)ı# !|Ø.

– &ě ffl$ı/ż%żȷ"ÁÆç 1fi"ŠŮÑ array ]fÁÆç array elementı$ı) ı# !|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 +Űđ –ÁÆç unary operatorim ffl$ı/ż%żȷ"ÁÆç numeric typeı$ı)ı# !|Ø.

– SignÏÚç multiplying operator“" ∗∗, abs, not _f”" “"Ê

ÏÚç ĎĹ.ż ÍØť$ÉÚê ‹"ȷ$Ä.

A/+B −− illegal expression A**–B −− illegal expression A/(+B) −− legal expression A**(–B) −− legal expression

– 53 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Multiplying operator

– *Űđ /ÁÆç integer typeŇđ floating point typeě ffl$ı/ż %żȷ"9L 4@!"ı* ȷ,Éěm}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 – remŇđ modě ffl$ı/ż%żȷ"ÁÆç integer typeı$ı)ı# !|Ø. – a := 7 rem 3; −− a becomes 1

b := 7 mod 3; −− b becomes 1 c := (–7) rem 3; −− c becomes –1 d := (–7) mod 3; −− d becomes 2 e := 7 rem (–3); −− e becomes 1 f := 7 mod (–3); −− f becomes –2 g := (–7) rem (–3); −− g becomes –1 h := (–7) mod (–3); −− h becomes –1

– 54 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Miscellaneous operator – absě ffl$ı/ż%żȷ"ÁÆç numeric typeı$ı)ı# !|Ø. – ∗∗ÁÆç ^fÇÚç integer typeŇđ floating point type9L 4@

!"ı* ȷ,Éěm}Ø.

– ∗∗ě t-ÑÑÔä ffl$ı/ż%żȷ"ÁÆç integer typeŇđ floating point typeı$ ^fx- !.ÏÕòŔ$ȷ$»%ż cfÉÚçÑÔä ffl$ı/ż%żȷ"ÁÆç INTE-

GERı$ı)ı# !|Ø.

– ∗∗ě exponent‹" ÏÚïě ‹"ÆÏÚê ‹"ȷ$ÁÆç ‹-ÉĎĹ t-ÑÑÔä ffl$ı/ż%ż

ȷ"ÁÆç –%ż\h$ floating point typeı$ı)ı# !|Ø.

– 55 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Concurrent Signal Assignment Statement

• |-ı)ȷ’ż ‹"Æ, ı$Å)-ÿ signal, ]fÁÆç ı$9L 4@!~Ñ ı/ż%żě ‹-£Ňđ ÇÚòÏÚê

delay9L 4@!~Ñ ȷ,É_fŰđ !|ØBO ÛSSú)-ÿ signal9L ȷ.ż”"£.

• ‹"ÿ concurrent signal assignment statementÁÆç !"“"ě ÇÔä«$Åm-Ñ concurrent processim) ÇÔòȷ"ÿ. ı$Å)-ÿ signal9L –/ż İđ‹" ı$ÈÏÚê CG»"”" –%żËÔä {-JKÜm}Ø.

• Conditional signal assignment

qb ¡= not q;

qb ¡= not q after 0 ns; −− equivalent q ¡= not q; −− oscillation

architecture data flow of dff is begin

q ¡= '0' when rst = '0' else

d when clk = '1' and (not clk'stable) else −− rising edge q; qb ¡= not q;

end data flow;

– 56 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

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;

– 57 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• 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

– 58 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Concurrent assertion statement

ASS1: assert Clk /= 'X' report "Unknown value on Clk" −− report if Clk = 'X' severity Error;

−− one of NOTE, WARNING, ERROR, FAILURE

– 59 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

7. Behavioral Description

Process Statement

• Behavioral descriptionÏÚç process statementim ı$ĄĹı)

ȷ$Ä.

• Process statementÁÆç sequential statementim sv,É.

• 3@ĆĹě sequential statementÇÚêÏÚê ÍØ)4@im wait state-

mentÉÚê »%ż“"£ CG›"ȷ$ –%żËÔä {-JKÜ!|Ø.

• Sensitivity list‹" ı$ÈÁÆç ‹-ÉĎĹ9LÁÆç U[ list9L lm!|ØŔ$ı) ı$ÈÁÆç signalě ‹"Æı$ –/ż?@ı#»%ż sequential statementÇÚêı$ –%żËÔä

{-JKÜm}Ø.

• Process statementě sensitivity listÁÆç wait statement

‹" U[ process 3@ě »"ȷ$»"ÿ sequential statementim "Åı$Å Ŕ$ı) ı$ÈÁÆç ‹.ÇŇđ ÇÔòı$£!|Ø.

• Process statement9L sensitivity list‹" ı$ÈÁÆç ‹-ÉĎĹ9LÁÆç

U[ 3@ĆĹ9L ”"ÉÚç wait statementÉÚê "ÏÕò!|Ô {- ı,ÆÏÚï.

• Sensitivity list\f ı,ÆUW wait statement\f ı,ÆÁÆç process statementÁÆç z-!~Ñ!$ –%żËÔä {-JKÜŔ$ı) $ÊŒêILı$/żı$ ÀÆö“"£ {-

ı,Æ2L Ŕ$^him |-ě?@ı# !|Ø.

– 60 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

−− Three equivalent architecture bodies

architecture EX1 of and2 is begin

y ¡= a and b after 7 ns; −− concurrent

end EX1;

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

p1: process begin

y ¡= a and b after 7 ns; −− sequential

wait on a, b; −− sequential, explicit wait statement end process p1;

end EX3;

– 61 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

architecture behav of clock gen is signal clk1, clk2, phi1: MVL4 := '0';

begin

c1: process (clk1) begin

clk1 ¡= not clk1 after 10 ns; end process c1;

c2: process begin

wait until clk1 = '1'; −− wait for a rising edge clk2 ¡= not clk2;

end process c2;

p1: process(clk1, clk2) begin

phi1 ¡= clk1 and clk2; end process p1;

end behav;

– 62 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

– 63 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Sequential Statement

• Process“" subprogram 3@9L) ÍØ)4@im {-JKÜm}Ø.

• sequential statement ::=

wait 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

– 64 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Wait statement

– Process statement“" procedureě {-JKÜÏÚê ı$£$ ȷ,Éȷ$

$fl$Ä._{– wait statement ::=}

wait [sensitivity clause] [condition clause] [timeout clause];

sensitivity clause ::= on sensitivity list

condition clause ::= until condition

timeout clause ::= for time expression

– Sensitivity clause‹" »-É‹$Ŕ$ı) ı$Èȷ$ ı"¡ch»/ż condition clauseě df‹.żÏÚê sv,É!"ÁÆç ^fÇÚç signalı$ sensitivity listÉÚê sv,É!"UW ı$ÈÁÆç ‹.Çfi)),Ä ÇÔòȷ"ÿ.

– 65 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

– wait; −− indefinite wait

wait on oe, wr, rd; −− sensitivity clause

wait until clk = '1';−− condition clause, rising edge

wait for 50 ns; −− timeout clause

wait on oe, wr, rd −− reactivate when one of the until ce = '0'; −− signals in the sensitivity −− list changes AND the −− condition is true

wait on oe, wr, rd −− reactivate when one of the until ce = '0' −− of the signals in the sensitivity for 200 ns; −− list changes AND the −− condition is true OR when −− the allotted time has elapsed

– 66 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Assertion statement

– ,£2M!~Ñ ‹.Çı$ ŠŮÑ!"ÁÆç 4@im ÇÔòȷ"ÿ!"ÁÆçȷ$ ‹,ÄÐÚò!"ÁÆç HL "ÏÕò. – ‹$ÁÆò»/ż9L) concurrent assertion statementŰđ ‹"ÍÏÚï.

– 67 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Signal assignment statement

– Process statement“" procedure 3@9L) signal9L ı)

03ż ‹"ÆÏÚê ȷ.ż”"£.

– Driver‹" ‹"ÊUW ı$ÈÁÆç projected output waveformÏÚê

–/ż‹-É._{– Target}

ě ‹"Æı$ ÐÚä$ –/ż!"ȷ$ÁÆç ı"¡ch»*, ȷ,ÿı)\f delta

delayÁÆç ‹,£«$Ä. – 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;

– 68 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Variable assignment statement

– Target variableě ‹"ÆÏÚê ÐÚä$ –/ż‹-É. – 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;

– 69 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@ data(3 downto 0) := "1100"; −− bit vector variable

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

−− implicit subtype conversion – Process 3@ě variableÏÚç process‹" ȷ,Éȷ$ "É=@9L ı$Èı)

\f U[ ‹"Æı$ 2MÍÔä ĎĽȷ$Ŕ$“" procedure 3@ě variableÏÚç

return!|Ô CG›"ȷ$»%ż U[ ‹"ÆÏÚê ĎĽȷ$!"»*, ı$£”%ż return!"

UW “"»/ż U[ ‹"ÆÏÚê ı$ÃÏÚï.

– 70 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• If statement

– if (rst b = '0') then

q ¡= 0;

elsif (clk = '1') and clk'event then if (load b = '0') then

q ¡= d;

else

q ¡= q + 1;

end if end if;

– 71 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• 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;

– 72 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

– 73 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

– 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 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

– 74 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Loop statement

– −− infinite loop l1: loop

a := a + 1; end loop l1;

−− for iteration scheme −− shift left characters in a string f1: for i in 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;

– 75 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Next statement

– Loop statement9L) !8Ñ:@ě –%żËÔä {-JKÜÏÚê ÐÖò”%ż. – Loop statement‹" t~ÑinŔ$ȷ$ ı"¡ÏÚç ‹-ÉĎĹ9LÁÆç ”"ÏÚï –%żËÔä

{-JKÜÏÚê 2MÍÔä.

– next statement ::=

next [loop label] [when condition];

– Loop labelı$ ı$ÈÁÆç next statementÁÆç ?@”"É loop9L ȷ,ÿ

ÏÕò._{– Loop label} ı$ ı,ÆÁÆç next statementÁÆç U[ next state-

mentÉÚê lm!|Ø!"ÁÆç loopÐÖò ‹"ȷ"É 3@ĆĹě loop9L ȷ,ÿÏÕò. – outer loop: for j in 1 to 10 loop

inner loop: for i in 1 to 10 loop if j = 4 and i = 5 then next outer loop;

end if;

x(j,i) := y(i,j);

end loop inner loop; end loop outer loop;

– 76 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Exit statement

– ı$ÉÚê lm!|Ø!"ÁÆç loop statementě {-JKÜÏÚê t~Ñin!"UW —" ȷ* “"cfÁÆç HL "ÏÕò.

– exit statement ::=

exit [loop label] [when condition];

– Loop labelı$ ı$ÈÁÆç exit statementÁÆç ?@”"É loop9L ȷ,ÿ

ÏÕò._{– Loop label}

ı$ ı,ÆÁÆç exit statementÁÆç U[ exit state-

mentÉÚê lm!|Ø!"ÁÆç loopÐÖò ‹"ȷ"É 3@ĆĹě loop9L ȷ,ÿÏÕò. – l1: loop

a := a + 1;

exit l1 when a = 10; end loop l1;

– 77 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Null statement

– ”"ÏÚï statementim {-JKÜ ÍØ)ÉÚê 9Ä‹* |-ÁÆç ‹.Ç Ű$9LÁÆç ı" z- ı$£\f !"ȷ$ ı"¡ÏÚï.

– 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;

– 78 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

8. Subprogram

Function

• Delay ı,Æı$ 2M%ż ‹-£ŇđÉÚê return.

• Type conversion, overloading operator, signal resolution ÇÚò9L ı$ÏÕò.

• 3@ĆĹ9L) signal assignment statementÉÚê "ÏÕò!|Ô {- ı,Æ ÏÚï.

• Function declaration function bodyě x- ĆĹËØchim ȷ,É

ěŔ$»*, U[ "ÏÕòÏÚç function callim ı$ĄĹı)ȷ$Ä.

– 79 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• 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 i in 0 to 7 loop

if x(i) = '1' then sum := sum + weight;

end if;

weight := weight * 2; end loop; return sum;

end;

– 80 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

function int to byte (x:integer) return BYTE is variable result: BYTE; variable temp: integer;

begin

temp := x;

for i in 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);

– 81 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Operator overloading

– −− function body

−− "not" is overloaded to handle multiple valued logic function "not" (op1: in MVL4) return MVL4 is begin

case op1 is

when '0' =¿ return '1'; when '1' =¿ return '0'; when others =¿ return 'X';

end case; end "not";

architecture df of example is

signal x, y, a, b: MVL4 −− function declaration function "not" (op1: 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;

– 82 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Signal resolution

– ”"{-ě driverÉÚê ‹"ȷ’ż signalě ‹"ÆÏÚê driverě ‹"ÆÇÚêim ĆĹ’) 2M%ż!"‹$ ť$!"ı* resolution function "ÏÕò.

– 83 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

– architecture behav of res ex is function wired or (inputs: bit vector) return bit; signal res sig: wired or bit; signal dr1, dr2: bit;

begin

source 1: process(dr1) begin

res sig ¡= dr1; 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;

– 84 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Procedure

• Procedure declarationŇđ procedure bodyě x- ĆĹËØch

im ȷ,ÉěŔ$»*, U[ "ÏÕòÏÚç procedure call9L ě!"ı* ı$ĄĹı) ȷ$Ä.

• 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;

– 85 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

−− 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;

– 86 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Subprogram Interface

• Formal parameterÁÆç constant, variable, signal ÇÚòě object classim ËØĄĽ.

• in, inout, out ÐÖò !~Ñ ‹"ȷ$ modeÉÚê ů$!|Ø. • 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] • Mode‹" »-É$Ŕ$ı) ı$Èȷ$ ı"¡ch»/ż inchim ‹%ż|-. • Functioně ‹-ÉĎĹ formal parameterě modeÁÆç in»%ż !.

ÏÕòŔ$UW object classÁÆç constantŰđ signal»%ż !.ÏÕò. • »%żı$£ mode‹" inı$UW object class‹" »-É$Ŕ$ı) ı$Èȷ$ ı"¡ch »/ż constantim ‹%ż|-.

• »%żı$£ mode‹" inoutı$“" outı$UW object class‹" »-É$Ŕ$ ı) ı$Èȷ$ ı"¡ch»/ż variableim ‹%ż|-.

– 87 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Formal parameter‹" signalı$»/ż actual parameter\f signal.

• Formal parameter‹" variableı$»/ż actual parameter\f variable.

• Formal parameter‹" constantı$»/ż actual parameter

ÁÆç expression.

– 88 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

9. ‹$ffi"

Attribute

• ı$ÉÚïı$ ËÖöı*ȷ’ż ‹.Ç(named entity)ÏÚç ı)Z[ ‹.Çı$“" U[‹.Çı$ ‹"ÊÁÆç ÒÚäȷ$ÉÏÚê ȷ,Éě!"‹$ ť$!"ı* attributeÉÚê "ÏÕò!|Ô {- ı$ÈÏÚï.

• Predefined attribute

– lnÐØ VHDL9L)ÁÆç »$«$ ȷ,Éě?@ ÁÔøUW ı$ÈÁÆç attribute.

– HIGH

∗ INTEGER'HIGHÁÆç valueim INTEGER typeı$

‹"ȷ$£ {- ı$ÈÁÆç ‹"ȷ"É ¡Æç ‹"Æ.

∗ type MEMORY1 is array (0 to 31, 7 downto 0) of BIT;

ě ‹-ÉĎĹ MEMORY1'HIGH(2)ÁÆç functionı$»* 7ÏÚê return.

– RANGE

∗ ť$9L) ȷ,Éě!~Ñ MEMORY19L 4@!"ı*

MEMORY1'RANGE(2)ÁÆç 7 downto 0. – LENGTH

∗ ť$9L) ȷ,Éě!~Ñ

MEMORY19L 4@!"ı* MEMORY1'LENGTH(2)

ÁÆç 8(MEMORY1'HIGH(2) –

MEMORY1'LOW(2) + 1).

– 89 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

– DELAYED ∗ S'DELAYED(T)ÁÆç SÉÚê T $‹%ż»%ż¡Æï ȷ$ı/ż$fl’ż ‹.Ç

Ňđ ‹"ÍÏÚç signal.

P: process(S) begin

R ¡= transport S after T;

end process; – STABLE ∗ S'STABLE(T)ÁÆç S9L T $‹%żÇÔòı%ż event‹" –"£CKÉ!"

ȷ$ ı"¡ı"Èch»/ż TRUE, –"£CKÉJKÛch»/ż FALSEı’ż signal.

– EVENT

∗ S'EVENTÁÆç S9L !8Ñ:@ě $ÊŒêILı$/ż "ı$¡Æê ÇÔòı%ż event‹" –"£CKÉJKÛch»/ż TRUE, ı"“$»/ż FALSEÉÚê return!"ÁÆç function.

• User-defined attribute

– "ÏÕòȷ"‹" ı$Äěim ȷ,Éě!"ı* "ÏÕò!|Ô {- ı$ÈÁÆç attribute. – p{~Ñ,ÉÏÚê ĎĽȷ$!"ÁÆç HL9LÁÆç ȷ"É9@‹" Ŕ$^him |-ě.

– 90 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

– package physical attributes is type physical size is record

width, height: Integer; end record;

type location is record

x, 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 flip flop is component nand gate

port (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);

begin

nand1: nand gate port map (s, qbar, q); nand2: nand gate port map (s, q, qbar);

end nand impl;

– 91 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Delay Modeling

• Transport delay model

– ”"ÏÚïŇđ ‹"ÍÏÚç Ňđȷ,ÉÏÚê {-JKÜ.

1. Projected output waveform9L ĚĹ‹"!"UWȷ" !"ÁÆç 8@

imÏØ transactioně $ȷ,Ä ı$Łě $ȷ,Ä9L ı$»$ ĚĹ‹" Ŕ$ı) ı$ÈÁÆç transactionı$ ı$Èch»/ż ^fx- :L‹)!~Ñ”".

2. Projected output waveform9L 8@imÏØ transactionÏÚê ^fx- ĚĹ‹"!~Ñ”".

– 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)

– 92 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Inertial delay model

– ”"ÏÚïŇđ ‹"ÍÏÚç Ňđȷ,ÉÏÚê ĚĹ‹"im {-JKÜ. 1. 8@imÏØ transaction9L ^fx- lnÉÚê !~Ñ”". 2. ‹"ȷ"É ı$ÉÚç $ȷ,Äě 8@imÏØ transactionŇđ U[ ȷ$ÿȷ.ż9L ı$ÈÁÆç ‹$ÐÔçě transactionı$ ‹"ÍÏÚç ‹"ÆÏÚê ‹"ȷ$»/ż U[ ‹$ ÐÔçě transaction9L lnÉÚê !~Ñ”".

3. Driverě !8Ñ:@ ‹"Æ9L ?@”"É!"ÁÆç transaction9L lnÉÚê

!~Ñ”".

4. ln‹" Ŕ$ı) ı$Èȷ$ ı"¡ÏÚç ^fÇÚç transactionÏÚê :L‹)!~Ñ”".

– 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)

– 93 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Entity Statement

• Entity declaration 3@9L lm!|ØŔ$ı) |-im ı$Å)-ÿ ’żpě setup/hold timeı$“" pulse width ÇÚò ı’ż’)KLı$ahÉÚê ‹,Ä

"!"‹$ ť$!~Ñ ÊÔäȷ,ÿchim "ÏÕò.

• 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;

– 94 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Block Statement

• SubcomponentÉÚê component instantiation statement

ÉÚê "ÏÕò!"ȷ$ ı"¡UW ȷ$ÿȷ,Å ‹$ÍÖê.

• Nestingı$ ‹"ÁÆò!"ı* 2MÛãò svdfÉÚê ln!8Ñ!|Ô {- ı$ÈÏÚï.

• ... −− 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; ...

– 95 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

... −− full adder description FAdder: block

signal P, G : bit; begin

−− generate P and G signal PGgen: block

port(in1, in2 in : bit;

out1, out2 out : bit);

port map(in1 =¿ A, in2 =¿ B, out1 =¿ P, out2 =¿ G); begin

out1 ¡= in1 xor in2; out2 ¡= in1 and in2;

end block PGgen; −− generate carry signal Cout ¡= G or (P and Cin); −− generate sum signal

Sum ¡= P xor Cin;

end block FAdder; ...

– 96 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

... −− 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 (in1 =¿ LA, in2 =¿ LB, in3 =¿ LCin, out1 =¿ LCout, out2 =¿ LSum); ... −− full adder description

FAdder: FullAdder

port map (LA =¿ A, LB =¿ B, LCin =¿ Cin, LCout =¿ Cout, LSum =¿ Sum); ...

– 97 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

entity FullAdder is

port(in1, in2, in3 in : bit;

out1, out2 out : bit); end FullAdder;

architecture dflow of FullAdder is signal P, G : bit;

begin

−− generate P and G signal PGgen: block begin

P ¡= in1 xor in2; G ¡= in1 and in2;

end block PGgen; −− generate carry signal out1 ¡= G or (P and in3); −− generate sum signal out2 ¡= P xor in3;

end dflow;

– 98 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Guard expression

– GUARD«"ÁÆç boolean typeě signal ‹"ÆÏÚê ‹-£ȷ,É. – Guarded assignmentě {-JKÜ ı*ĆĹÉÚê ‹-£ȷ,É. – Guarded targetě ‹-ÉĎĹ disconnect ı*ĆĹÉÚê ‹-£ȷ,É.

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;

– 99 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Alias Declaration

• ]f ”"ÉÚç ı$ÉÚïÏÚê ËÖöı* |-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) is REAL NUMBER(8 to 31);

alias EXPONENT : BIT VECTOR(1 to 7) is REAL NUMBER(1 to 7);

– 100 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Configuration Declaration

• –-£\fě library unit9L) component instanceŰđ design

entityě bindingÏÚê ?@ ÐÖï.

• Architecture bodyÁÆç U[4@im x-UW componentě bind-

ing9L 4@!~Ñ ȷ,É_fÉÚê ^fı" ÁÔøÏÚç configuration declaration »%ż {-ȷ,É.

• −− 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

A1: 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;

– 101 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

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 V4 27 87;

– 102 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

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;

– 103 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

10. VHDL-87Ňđ VHDL-93ě ”"ÉÚç ȷ,Ä

Group

• ı*&) 2@ě named entityÉÚê !"“"ě U[ÉÖðchim ”"ÉÖê {- ı$È\f ÉÔä !|Ø.

• 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(L1, 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; attribute PROPAGATION DELAY of C2Q: group is 150 ns;

– 104 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

File

• VHDL-879L)ÁÆç fileı$ variable objectim ËØĄĽ. • VHDL-939L)ÁÆç S –.żFG objectim file object‹" ĚĹ‹"m}Ø. • FileÏÚê »"ÏÚï4@im ı-£UW ”"¿ÏÚê {- ı$ÈÏÚï(procedure FILE OPEN, FILE CLOSE ĚĹ‹").

• Mode ȷ$ȷ,É ‹"ÁÆò(READ MODE, WRITE MODE, APPEND MODE).

• FILE OPEN STATUS ȷ$ŠŮÑ.

– 105 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Shared Variable

• ı$£–%ż loimU[5@»$É ı.żı)9L)ě global variable ı-ÿ!|ÔÏÚê !|Ø.

• Signalim fi)«$!|Ô {- ı,ÆÁÆç ‹-ÉĎĹ(‹"ÍÏÚç $ȷ,Ä9L) ‹"Æı$ 2MÍÔä

–/ż!|Ô CG ı"Îě ‹"ÆÇÚêı$ z-$Ŕ$»/ż ĳ¿ç«%ż!~Ñ ‹-ÉĎĹ)9L +/ż«$!|Ø.

• variable declaration ::=

[shared] variable identifier list : subtype indication [ := expression];

– 106 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Impure Function

• Stack operation ]fÁÆç “%ż{- –"£CKÉ‹$: ‹"ÍÏÚç actual parameterě ‹"Æchim ‹"ÍÏÚç functionÏÚê ËÖê&)\f ”"ÉÚç ‹"ÆÏÚê return.

• Impure function9L)ÁÆç fileı$“" shared variableŇđ ‹"Í

ÏÚç Ű$ĆĹ ȷ"inÉÚê ı$ÀUW ÎÚê {- ı$ÈÏÚï(side effect).

• file F: 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;

– 107 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Component Instantiation

• Design entityÉÚê instatiation !|Ô CG component declarationŇđ configuration specificationı$ ı,Æı)\f m}Ø.

• 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

– 108 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• −− 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 =¿S2);

−− 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 =¿S2);

– 109 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Incremental Binding

• Primary binding: configuration specification9L)ě binding

• Incremental binding: component configuration9L)ě binding. Configuration declaration9L) genericě ‹"Æ

ı$“" portě ı/ż‹-£ –/ż‹-É ‹"ÁÆò. Backannotation9L ı$ÏÕò ‹" ÁÆò.

– 110 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• entity XOR GATE is generic(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 is

generic(I1toO,I2toO: DELAY LENGTH); port(I1,I2: 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, I2=¿I2, O=¿O); ... 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;

– 111 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Postponed Process

• Postponed process: »"ȷ$»"ÿ $ÊŒêILı$/ż "ı$¡Æê9L)»%ż {-

JKÜŔ$ÁÆç process.

• Qbar ¡= not Q;

postponed assert Qbar = not Q report "Error in Qbar";

– 112 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Operator

• Logical operator: and, or, nand, nor, xor, not9L xnor

ĚĹ‹".

• Shift operator: sll, srl, sla, sra, rol, ror ĚĹ‹".

– 113 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Inertial Delay Model

• Transport delay: ÓÔäı$ ȷ"ÿÏÚç +,£ah\f ^fx- ÒÔòŇđ.

• Inertial delay: |-ı)ȷ’ż $‹%ż ı$3@ě ÓÔäÏÚê ‹"ÊÁÆç +,£ahÁÆç :L

‹)m}Ø. :L‹)ÉÚê ť$!~Ñ ‹$ÐØ $‹%ż(pulse rejection limit)ÏÚê ÛSSú )-ÿı$ ȷ$ı/żŔ$ÁÆç $‹%ż_f”" ȷ"ÿ2L !|Ô {- ı$ÈÏÚï.

• −− 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;

– 114 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Predefined Attribute

• BEHAVIORŰđ STRUCTURE "ÿ:L.

• ASCENDING, IMAGE, VALUE, DRIVING, DRIV- ING VALUE, SIMPLE NAME, INSTANCE NAME, PATH NAME ĚĹ‹".

– 115 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Foreign ArchitectureŰđ Foreign Subprogram

• Non-VHDL ĆĹËØŇđ VHDL ĆĹËØě ı’ż’)KLı$ahÉÚê :Lĳ¿ò.

• function F return INTEGER;

attribute FOREIGN of F: function is

"implementation-dependent information";

– 116 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Unaffected

• ‹$ÐÔçě ÊØ:L:

architecture data flow of latch is begin

with clock select output ¡= input after 5 ns when '1', output when others;

end data flow;

Signal outputě driver‹" ‹$ÐÔç9L ‹"ÊUW ı$ÈÁÆç transaction

ı$ 8@imÏØ transaction9L ě!"ı* ^fx- :L‹)m}Ø. • {-ȷ,É Ł:

architecture data flow of latch is begin

with clock select output ¡= input after 5 ns when '1', unaffected when others;

end data flow;

– 117 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Generate Statement 3@ě Declarative Part

• ‹$ÐÔçě ÊØ:L:

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 G4? for ag1: and n use entity prim.andn(behav) port map (inputs =¿ x, outputs =¿ y);

begin

ag1: and n generic map (n =¿ 2) port map (x(1) =¿ clk, x(2) =¿ ena,

y =¿ load);

G4: for i in 1 to 4 generate

df: dff port map (d(i), load, rst, r(i)); end generate;

end struct;

– 118 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• {-ȷ,É Ł:

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 ag1: and n use entity prim.andn(behav) port map (inputs =¿ x, outputs =¿ y);

begin

ag1: and n generic map (n =¿ 2) port map (x(1) =¿ clk, x(2) =¿ ena,

y =¿ load);

G4: for i in 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;

– 119 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Signature

• Attribute name9L)ě prefix“" entity designator ]f

ÁÆç alias declaration9L)ě nameı$ overload m-Ñ sub-

programı$“" overload m-Ñ enumeration literalı’ż ‹-ÉĎĹ

U[ svËØı$ ffl$£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 −− 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";

– 120 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

Alias

• Object ı$Ű$9L\f aliasÉÚê ËÖöı*) "ÏÕò!|Ô {- ı$È\fÉÔä {|Ðȷ"É.

• Q9L import m-Ñ X9L 4@!~Ñ aliasÉÚê “alias Y is X;”Űđ ‹"Í ı$ .żı.ż!"»/ż YÁÆç Rim export m}Ô {- ı$ÈÏÚï.

• 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]; ...

– 121 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

‹$ffi"_{• Formal port}

9L 4@ÏÚòŔ$ÁÆç actualim expression\f !.ÏÕò.

• ISO 8-bit coded character set(ISO 8859-1:1987(E))ch

im {|Ðȷ"É.

• Basic identifier9L extended identifierÉÚê ĚĹ‹" {|Ðȷ"É.

\BUS\,\bus\ −− Two different identifiers, neither of −− which is the reserved word bus \a\\b\ −− An identifier containing three characters \74LS00\ −− An identifier

• Bit string literalÏÚê BIT typeě arrayimĆĹ’) '0'Ňđ

'1'im»%ż ı$ĄĹı)ȷ’ż string literalim –/ż‹-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 –

’

&

            $

            %

’

&

            $

            %

VHDLě ı$?@

• Report statement ĚĹ‹".

• Concatenation ‹-£Ňđě t-ÑÑÔä boundÁÆç ‹-£Ňđě base type

ı$ ‹"ÊÁÆç index subtypeě t-ÑÑÔä bound.

• FormalŇđ actualě association9L) typeě –/ż{~ÑÏÚê ť$?@

) conversion function Ű$9L type conversion "ÏÕò ‹" ÁÆò.

• Sequential statement9L\f label ln$ ‹"ÁÆò.

• STANDARD package9L subtype DELAY LENGTH

ÉÚê .żı.ż.

subtype DELAY LENGTH is TIME

range 0 fs to TIME'HIGH;

impure function NOW return DELAY LENGTH;

– 123 –

9L subtype DELAY LENGTH

ÉÚê .żı.ż.

subtype DELAY LENGTH is TIME range 0