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1. VHDL iR

1.1 VHDL & A}

1) dH 2 =8I S22 Top—down &H A0 RFE
- HDL ( Hardware Design Language) S &
Ex) Veriog, HDL, Ada, VHDL,....

2) A2 THAIE & &

2 AS W= 9o Technology independent & H&E
Jl=d0o 2R

[y

3) 0] 2g4o

=84 9] VHSIC ( Very High Speed IC ) project 2| 2222 VHDL
(VHSIC HDL) JHZ =2|J} 1981 & A|X=
1983 @ :RFP =& &

IBM, TI, Intermetric 3 Al2} 2= Y &

2 88

1987 & :IEEE - 1076 standard 2 =& &

1992 A : VHDL'92 Jt =Jt&

1.2VHDL 2| £&

1) Technology independent StH & HE Jl=ot= A0l Jis

Ex) CMOS, Bipolar, 0.8 um, 0.6 um, standard cell, Gate array,

ot =&2 JI=0l| Jts

A 2FUHA =232 £=FNA Ot JI=0| Jis
Behavioral, Structural, data flow S2| I8 D= Jis

3) £AH2 Hat=E € A2 ZH0 S0Ig

Package, configuration, multiple bodies S2| XI&

4) |[EEE Standard 2 2= CAD vendor =0| H=&ECZ K&

5) & : Simulation — oriented language
Synthesis J} €% 8t Jt=s

( VHDL subset 2t JtS)
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2. VHDL J|= i E

21 J|=HE

[1 Design entity : A primary hardware abstraction of digital system
O Entity declaration (I/lF € J|=)

+ Architecture body (WS =s& 2 X E Jl=)

OVHDL M AtE3dt= 502 JI2 design units

1) Entity declaration
S % AR IFEE

— Design entity 2| 0|5 & Jl=

i

2) Architecture body
- Entity2 W s& & 2 EE JIis

3 JtXl modeling styles : Behavioral, Dataflow, Structural

3) Configuration declaration
Entity Ol architecture body £ Z &
4 JH2l CHE configurations O Jt

4) Package declaration
M2 CtE design entity E0| 3R/ &

5) Package body
- 3% 38 Z0lA subprogram 0l Cisl

00 Comments = -- & Al&E
[0 Case insensitive & free format

Library clausel ....................... Library B’
Use clause| e [T D
P ] 5| Package
| declaration
A \l/ “MY‘PACK”
Arch Arch
body body Package
A1 P A2 body
Config.C2 .
......................... Library HAJ!
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2.2 Entity Declaration

=

[0 Design entity 0IZ 1t interface ports £ Jl=

0ol

0 Syntax
entity entity name is --1/0 ports &1 A
[ port (port_list); ] -- 6.3 section & X
[ generic (generic_list); ] -- 8.1 section & X

[ entity - item - declarations]
begin

[ entity - statement; ]
end [entity_ name |;

O Interface ports 2 4 JtXI modes
- in, out, inout (bidirectional), buffer (bidirectional, many sources)

0 Half _adder 0l
entity HALF_ADDER is
port (A, B :in BIT, SUM, CARRY : out BIT);
end HALF ADDER;

N\
TP 1 e
B | A1) CARR

O 2to 4 decoder 0
entity DECODER2x4 is
port (A, B, ENABLE :in BIT:Z:out BIT_VECTOR(O to 3)):
end DECODER2x4;

> BBAR _T7¢ T —

A E;_T_b ABAR L+ L
L L

CITNEIED

ENABLE
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2.3 Architecture Body

Il

00 Design entity 2| L2 JIls ¥ *EXE Jl=

0 OteHel 3 JtAl modeling styles Jt=
1) Behavioral description ( as s set of sequential assignment statements)
2) Dataflow description (as a set of concurrent assignment statements)
3) Structural description (as a set of interconnected components)

0 Syntax
architecture arch_name of entity name is
{ arch_declarative_item } --signal or component & =
begin
{ concurrent statements } -- OteH 2l concurrent statements =

end [arch name |,

]

[0 Concurrent statements : = A0l 2tH Q10| EEZ T = statement =
- Processing statement

— Concurrent signal assignment statement

— Concurrent assertion statement

— Concurrent procedure call

- Component instantiation statement

- Block statement

- Generate statement

- Page 7 -



1) Behavioral style

0 Sequential statement =2 AIE0I0 S&&E E4=2 J|l=&
- FXeE Jl=otAl 21, Jls s& SAe=2 J|=

[0 Sequential statements : (4.1 section & X)
- Process( sensitivity list ) statement block CH0I A Bt AtZE
- Sensitivity list 0 = signal 0l event Jt 224 {2t trigger =

- Block 20l §A= statement =0| =XEE HE 10, OLAS

i £ £ = wait statement lA CHE event E J|CHE

O Ex. for Half Adder
architecture HA BEHAV of HALF_ADDER is
begin
process
begin
sum<= A xor B after5 ns;
carry<= A and B after5 ns;
wait on A, B;
end process;
end HA BEHAV;

O Ex. for DECODER2x4
architecture DEC BEHAVIOR of DECODER2x4 is
begin
process (A, B, ENABLE) -- sensitive list
variable ABAR, BBAR: BIT;

statement %

begin -- executed sequentially

ABAR := not A;
BBAR := not B;
If(ENABLE =‘1’) then

Z(3) <=not(AandB)
Z(2) <=not (ABAR and BBAR)
Z(1) <=not (Aand BBAR)
Z(0) <=not (ABAR and B)
else
Z <="“11117;
end if;

end process;
end;
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2) Dataflow style

[0 Concurrent signal assignment statement == AIE0t0H & S&H= Jl=&
- Entity 2 201 &6t LIEHUX = &2U, & )

[0 Concurrent signal assignment statements : (section 5.1 & xX)
- Statement =Al0 &28l0] <= QLEZXE0N U= signal 0l event Jb ZS [}

OF 4515

O Ex. for half adder
architecture HA CONCURRENT of HALF ADDER is
begin
sum<= A xor B after 8 ns; --concurrentsignal assignment

carry<= A and B after 4 ns; --concurrent signal assignment
end HA_BEHAV,

0 Ex. for DECODER2x4
architecture DEC DATAFLOW of DECODER2x4 is
signal ABAR,BBAR : BIT

begin
Z(3)<= not(A and B and ENABLE); --s1
Z(0) <= not (ABAR and BBAR and ENABLE); --82
BBAR <= not B; --s3
Z(2)<=not (A and BBAR and ENABLE); --s4
ABAR <=not A -85
Z(1)<=not (ABAR and B and ENABLE); -- s6

end DEC_DATAFLOW;

< DreF time T Ol Al signal B 0fl event Ot 2445104,
1) S1, S2 & S56 will be triggered and evaluated at T+d (delta delay)

2) This will trigger signal BBAR so that s2 & s4 will be triggered and evaluated
at T+2d (2delta delay)

O Ex. for clock generation
CLK<=not CLK after 10 ns; -- period is 20 ns

CLK

10 20 30 40 50 60 70 ns
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3) Structural style

(=13

[0 Design entity £ hardware components 2| H& X2 J|=¢8

0 Ex. for half adder
architecture HA STRUCTURE of HALF _ADDER is
component XOR2 -- beginning of declarative part
port(X,Y : in BIT; Z: out BIT);
end component;
component AND?2
port(X,Y : in BIT; Z: out BIT);

end component;

-- beginning of statement part

X1: XOR2 port map(A, B, SUM);
A1: AND2 port map(A, B, CARRY);

begin

end HA_STRUCTURE;

0 Ex. for 2 to 4 decoder
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2.4 Configuration Declaration

O Design entity 2t architecture body 2| Z &t (binding) & 2E Jl=8
- OftLt2l entity Ol CHGH multiple architecture bodies £ JI=0t& S
- Top - down design methodology 0l #Z&

0 Syntax
configuration configuration-name of entity-name is
for block name
for comp_labels : comp_name [ use binding-indication ];
[ block configuration ]
end for;
end for;
end [ configuration-name];

O Ex. for HALF ADDER

library CMOS_LIB, MY_LIB; -- Two libraries Al Z(section 2.6 & =xX)
configuration HA _ BINDING of HALF_ADDER is
for HA_STRUCTURE -- architecture &4
for X1:XOR2 -- component binding
use entity CMOS_LIB.XOR_GATE(DATAFLOW);
end for;
for A1:AND2 -- component binding
use entity MY_LIB.AND_CONFIG;
end for;
for others: AND2 -- default 2 WORK.AND2 AlE
end for;
end for;

end HA_BINDING;

O Hierarchy Jt 8l =(component instantiation 0| Sl=) 22 0
configuration DEC_CONFIG of DECODER2x4 is
for DEC_DATAFLOW
end for;
end DEC_CONFIG;

b

1lal
s

00 Configuration specification = otl= 28 & US (section 6.4
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2.5 Package Declaration & Package Body

[0 Package: (4cf designunits S0 SS2Z AMESE UWES 21 US
[0 package declaration ( Interface ) + package body ( function body )

1) Package declaration

0 MZ CE design entity 0| &7 & &2 (constant, types, signals, attribute,
components, functions, procedures S)& & &
- library &use clause £ AtE0t0H =& design unit 0l visible otHl Bt
_|

- MAIES JisotH &22AH 55 £HE Lot &

0 Syntax
package package name is
{ package_declarative_item}
end [package name];

0 Ex. of package declaration
package EXAMPLE_PACK is
constant PIN2PIN_DELAY : TIME := 125 ns;
constant TOTAL_ALU : INTEGER;
type SUMMER is (JUN, JUL, AUG);
component D FLIP_FLOP
port(D, CLK, : in BIT; Q, QBAR : out BIT);
end component;
function I2BIT_VEC(INT_V : INTEGER ) return BIT_VECTOR;

end EXAMPLE_PACK;

0 £& entity I Ol package & AtEotJA+ & [
library DESIGN_LIB;
use DESIGN_LIB.EXAMPLE_PACK.all;
entity RX is....

PN, Ity

o]l
oy

0 CtE designunit A L20F ALE
library DESIGN_LIB;
use DESIGN_LIB.EXAMPLE_PACK.D FLIP_FLOP;
use DESIGN_LIB.EXAMPLE_PACK.PIN2PIN_DELAY;
-- RX entity Ol A= 212 5 declaration Bt visible &
architecture RX STRUCTURE of RX is....
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2) Package Body

0 3% 82 = function 3t procedure 2| body(sZLHE)E Jl=otHLE,
deferred constant gt = & & &
- &4l package declaration 0t & H2lE 0, 0|18 M2 SZotHOF

-

Qo

0 Syntax for package body
package body package name is
{ package_body_declarative_item }
end [ package_name |;

0 Ex. 1

package body EXAMPLE_PACK is
constant TOTAL_ALU : INTEGER :=10;
function I12BIT_VE C(INT_VALUE : INTEGER) return BIT_VECTOR is
begin

-- Behavior of function described here

end [2BIT_VEC,;

end EXAMPLE_PACK;

0 Ex.2
package body ANOTHER_PACKAGE is

function POCKET_MONEY -- Function body
(MONTH : DESIGN_LIB.EXAMPLE_PACK.SUMMER)
return BIT VECTOR is
begin
case MONTH is
when MAY => return 5;
when JUL|AUG => return 6;
when others => return 2;
end case
end POCKET_MONEY;
end ANOTHER_PACK;
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2.6 Design Library

1) Design library

O Compiled VHDL descriptions O| intermediate SEHZ H&E &= & A
- B & designlibrary = 1)=8t logical name & JtAI1) US

0 Pre_defined libraries

1) STD : =IH2| pre_defined packages E JtXl 1] US
- STANDARD(VHDL ®10{2| 2E pre_defined type 0l CHSH & o Hah
- TEXTIO(ASCII read & write operation & |8t subprograms = *Zg&)

-

2) WORK
- AEX2 compiled VHDL description 0| X & &l = default library

0

[0 Design library = library & use clause & S0t AlS

2) Library & Use clause

00 Design library 2| logical name & =& design unit 0 A visible ot H BIESHS

0 Format of library clause
library logical_lib_name;

0 Format of use clause
use lib_name.primary_unit_name;
use lib_name.primary_unit_name.item;

0 Ex.1: 2& designunit 0l default & &2 &0 US
library STD, WORK;
use STD.STANDARD.all;

0 Ex,2&3
library TTL,CMOS;
use CMOS.NORZ2;

Library project_A_lib;
use project A lib.SYNTH_PACK,all;
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2.7 VHDL Simulation

O Validation(Model analysis) process

1) Analysis (syntax check, semantic check & save into WORK library)
2) Simulation (elaboration, initialization & simulation phases)

O VHDL Model analysis flow

VHDL

Elaboration &

Analyzer

Simulation

}

Intermediate
form

Simulation Results
sign libraries

WORK Proj-lib

~_

STD

V

0 Simulation phases
1) Elaboration phase
- HSFXE2 & H, linking, storage allocation, initial value assignment S

2) Initialization phase

- B & signal 0l CHoll &t= assign, time setto O ns

3) Actual simulation phase

Next event time @ Z advance, 1 AlZt0 A2 & signal. assignment =2,

sensitivity 0l /= event 0ff [}2t process JI =&, time limit == assert
violation 0l M simulation & SEttHe!

—
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3. J|E& 2l Language Elements

3.1 Lexical Elements

1)

2)

Identifier ( Objects 2| 0|5 )

— Characters (A -Z,a-z,0-9,0or )2 xge=z 74
— The first character : should be letter

— The last character : underscore = ©t&

— Case insensitive : lower case & upper case are identical

— Aset of reserved keywords : Appendix A

Literals

— Integer literals : 0 5634 6E2 98 71(_noimpact)

— Floating point literals : 0.0 0.5 16.34 16.2E-2 3145

— Based literals : 2#10111# 16#FF# 16#EH#E1

— Character literals : ‘A ‘3 c “”(‘inside two single quotes)
— String literals : “‘ABC” “‘double quoted”

— Bit string literals : B”"10011111” 0’126 X’FF”

— Physical literals : 100 ns 50 sec 10 km
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3.2 Data Objects
0 =0& type 2| &= == named item

0 Data objects 2| 3 &F

1) Constant
- a0l NI¥E =0l= simulation 52+ HZ0| ot&
- Ex

constant RISE_TIME : TIME := 10 ns;
constant BUS WIDTH : INTEGER := §;

constant NO_OF INPUTS : INTEGER; -- deferred constant

< Deferred constant = package declaration 20| A 2t It =

2) Variable
— Assign & 2t0] SAl currentvalue 2 Z2&&
— Variable assignment statement £ gt =& Jts
— Process or subprogram St A Bt AtE JtsS
- Ex
variable CTRL_S: BIT_VECTOR(10 downto 0);
variable SUM : INTEGER range 0 to 100 := 10;

variable FOUND,DONE, : BOOLEAN;

-- array of 11 elements
-- initial value of 10
-- initial value is FALSE

3) Signal
— Signal assignment statement £ AtE 0t future value 2 Z2&E &
— Global communication & <ol AtS&!
— &lHl interconnection wire £ modeling ot=01 AtE &
- Ex
signal CLOCK: BIT;

signal DATA_BUS : BIT_VECTOR(O to 7);
signal GATE_DELAY : TIME := 10 ns;
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3.3 Data Types

0 Data types 2| 4 & F

1) Scalar types
a) enumeration type
b) integer type
c) physical type
d) floating type

2) Composite types
a) array type ( single type )
b) record type ( different type )

3) Access types
— Access to objects of a given type ( pointers )

4)File types
— TEXT is predefined

O Subtype : a type with a constraint ( & cll type 2| gt & LRLC2Z AH)

0 User defined type Jts
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1) Scalar types

a) Enumeration type
O Character literals 2 &= set of user defined values

O Ex.
type MVL is (‘U, ‘0", ‘1", ‘Z');
type MICRO_OP is (LOAD, STORE, ADD, SUB, MUL, DIV);

0 Usages
signal CONTROL_A: MVL;
variable IC:MICRO_OP := STORE; -- STORE s initial value for IC

O Predefined enum types
— CHARACTER : 128 character literals ‘A’, * ', ‘3’
- BIT:0, 1
— BOOLEAN : FALSE, TRUE
— SEVERITY_LEVEL : NOTE, WARNING, ERROR, FAILURE

b) Integer type
0 =& integerrange 0 S0 U= set of values

O Ex.
type INDEX is range 0 to 15;
type WORD_LENGTH is range 31 downto O;
subtype DATA_WORD is WORD_LENGTH range 15 downto O;

0 Usages
constant MUX_ADDRESS : INDEX := 5;
signal DATA BUS : DATA_ WORD;

0 Predefined integer type
— INTEGER : (min range : -(2¥'= 1) to (2*" =1))

O Predefined subtypes
— subtype NATURAL is INTEGER range 0 to INTEGER’HIGH;
— subtype POSITIVE is INTEGER range 1 to INTEGER'HIGH,;

- Page 19 -



c) Floating point type

0 Real number & 24 & set of values

O Ex.
type REAL_DATAis range 0.0to 31.9
subtype RD16 is REAL_DATA range 0.0 to 15.9

0 Usages
variable LENGTH : REAL_DATA range 0.0 to 15.9
variable L1,L2, L3 : RD16
0 Predefined floating point type
REAL : min —1.0E38 to +1.0E38 ( min precision : 6 decimal digits)

d) Physical type

O Time, length, voltage, current 2t 22 2|8 2= =&Eot= value

O Ex.
type CURRENT is range 0 to 1E9
units
nA; -- base unit
uA = 1000 nA;
mA = 1000 uA;
Amp = 1000 mA;
end units;
0 Usages

subtype FILTER_CURRENT is CURRENT range 10 uAto 5 mA;

0 Predefined physical type
TIME : ( min range : -(2*' = 1) to (22" = 1) ) -- base unit is fs
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2) Composite types

a) array type : S 2t type & 2220 A4

O Ex.
type DATA_WORD is array ( 7 downto 0 ) of MVL;
type ROM is array ( 0 to 125 ) of DATA_WORLD;
type DECODE_MATRIX is array ( POSITIVE range 15 downto 1,
NATURAL range 3 downto 0 ) of MVL;

O Usage
variable ROM_ADDR : ROM; -- array of array
constant DECODER : DECODE_MATRIX; -- a deferred
variable DECODER_VALUE : DECODER_MATRIX; -- 2-D array

[0 Array element £ index ot= & H
ROM_ADDR(10)(5) : value of MVL at index 5 of ROM_ADDR(10);
DECODER(5,2) :2nd column, 5th row of 2-D object

O Unconstrained array type
type STACK_TYPE is array (INTEGER range <>) of ADDR_WORD;
-- <>called box symbol

O Predefined 1-D unconstrained array types
STRING : array of characters
BIT_VECTOR : array (NATURAL range <>) of BIT;

O Ex.

variable MESSAGE : STRING(1 to 17) := “Hello, VHDL world”;
signal RX_BUS : BIT_VECTOR(0 to 5) := O"37”;
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b) record type : A2 CIE type 22 RFET IIs

[0 same as “struct” in C, or “record” in PASCAL

O Ex.
type PINTYPE is range 0 to 10;
type MODULE is
record
SIZE : INTEGER range 20 to 200;
CRITICAL_DLY : TIME;
NO_INPUTS : PIN_TYPE;
NO_OUTPUTS : PIN_TYPE;
end record;

0 Ex. for value assign
variable NAND_COMP : MODULE;

NAND_COMP := (50, 20 ns, 3, 2);
NAND_COMP.NO_INPUTS := 2;

3) Access type

O COlAl “pointer’2t Hl=&

O Ex.
type PTR is access MODULE;
type FIFO_PTR is access FIFO;

0 Usages
variable MOD1PTR, MOD2PTR : PTR;

00 Allocator new € &'&0i Al dynamically &4 &
MOD1PTR := new MODULE(25, 10 ns, 4, 9);

00 Procedure DEALLOCATE
DEALLOCATE (MOD1PTR);

O Default : null
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4) File type

0 Represent files ( file type declaration & file declaration needed ).

0 Ex. of file type declaration
type VECTORS is file of BIT_VECTOR,;
type NAMES is file of STRING;

O Ex. of file declaration
type file-name : file_type name is mode string_expression
file VEC _FILE : VECCTORS is in “/usr/home/usr/mod/div.vec’;
file OUTFILE : NAMES is out “stdout”;

O Procedure READ, WRITE, ENDFILE AlE
O Predefined file type (in TEXTIO package)

TEXT : variable length ASCII strings 22 &
LINE : Access type to point to such strings
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3.4 Operators

1) Logical operators (6) : and, or, nand, nor, xor, not
— defined for predefined types BIT & BOOLEAN
— ‘0=FALSE, ‘1’"=TRUE
2) Relational operators (6) : =, I=, <, <=, >, >=
— Result types is BOLEAN
- =, /=:filetype = H2st 2= type 0l AtS JtsS
— <, <=, > >=:scalar or discrete array type il AtE JtsS
3) Adding operators (3) : +, -, &(Concatenation)
— Operands = =& 8t numeric type 0| 4 0F &f
- Ex. “ABC” & “DEF” -- “ABCDEF”
4) Multiplying operators (4) : *, /, mod, rem

— mod = A2 sign at=, rem = & A2 sign giS &

5) Misc. operators : abs, **

[0 Precedence (& &=)
1) **, abs, not (Misc & not)
2)*, [, mod, rem (multiplying)
3) +, -, & (adding)

4) Relational operators
)

5) Logical operators
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4. Behavioral Modeling

4.1 Process Statement

[0 Behavioral Modeling style OllA S22 Jl=g [ ALE0t= JI2 Mechanism

0 Syntax
[ label : ] process ( [ sensitivity-list])
[ process-item-declarations ]
begin
{ sequential-statements };
end process [ process-label |;
0 Syntax
— Ol list Ol *}= signal Ol event Jt Z28st [HEH process &t 2 S

—

O wait statement == last statement E 2tY (1)} Xl sequential statement =
2 =xX&Eez g
o

— Sensitivity list It A= B0 = wait statement E AIEE

1>

O Sequential Statements : process statement block 20 A AIE3dt=  statements
— variable assignment statements
— signal assignments statements
— wait statements

— if statements

— case statements

— loop statements

— exit statements

— next statements

— null statements

— assertion statements

— procedure call & return statements
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4.2 Variable Assignment Statement

0 Variable — object := expression
O HateEl 280l = Al variable 0l assign &
— Variable 2 ollY process 0l Al 2 AFE &l = local static variable &

O Ex
process (A)
variable EVENTS_ON_A: INTEGER :=0;
begin
EVENTS_ON_A:=EVENTS_ON_A+ a;
end process;

4.3 Signal Assignment Statement

0 Signal-object <= expression [ after delay_value ];
O Expression O] &©IH2|l simulation AlZ2t0I A evaluation &1, HALE g2

specified delay( after clause ) or delta delay =0l signal 0l assign &
(Section 4.12 2| delay models & X)

O Process 20l M= sequential statement 2, 840l M= concurrentst.Z AIE&
O Ex.

COUNTER <= COUNTER + “0010%; -- assign after a delta delay
PAR <= PAR xor DIN after 12 ns;

0 otLtel signal Ol (ef JH2l gt assign ol= A0l Jts
Phase1 <=0, ‘1’ after 8 ns, ‘0’ after 13 ns, ‘1’ after 50 ns;
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4.4 Wait Statement

O 3JtXl JI2 forms
1) wait on sensitivity-list
2) wait until boolean-expression
3) wait for time-expression

Te 9o xg

(wait on sensitivity-list until boolean-expression for time-expression

O Ex.
wait on A,B,C;

wait until (A=B);
wait for 10 ns;
wait until (SUM > 100) for 50 ms;

O 2 process Jt sensitivity list & =0 UK HCHH, wait statement E X 0f
& otit= ZEold AO0F S(0tLIE S&tal
1Lt sensitivity list 2t wait statement £ St process 2H0ll SAI0 R Jt&

= 2t ol= H

= -1 A

rr

[0 Sensitivity list : Last statement 2 “wait on sensitivity-list”

Sge 21t
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4.5 |IF Statement

0 Syntax

if boolean-expression then
sequential-statements

[ elsif boolean-expression then
sequential-statements

[ else
sequential-statements ]

end if;

0 Ex. 1
if SUM <= 100 then
SUM := SUM + 10;
end if;

0 Ex. 2
if CTRL = ‘1’ then
if CTRL2 = ‘0’ then
MUX_OUT <= “0010%
else
MUX_OUT <= “0001%
end if;
else
if CTRL2 = ‘0’ then
MUX_OUT <= 10007
else
MUX_OUT <= “0100%
end if;
end if;

-- <= as an operator

-- nesting of if statement
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4.6 Case Statement

0 Syntax
case expression is
when choices => sequential statements
when choices => sequential statements

[ when choices => sequential statements ]
end case;

0 Ex: (4 01 multiplier)
entity MUX s
port (A, B, C, D : in BIT; CTRL: in BIT_VECTOR(O to 1); Z : out BIT);
end MUX;

architecture MUX_BEHAV of MUX is
constant MUX_DELAY : TIME := 10 ns;
begin
PMUX : process(A, B, C, D, CTRL)
variable TEMP : BIT;
begin
case CTRL is
when “00” => TEMP = A;
when “01” => TEMP := B;
when “10” => TEMP := C;
when “11” => TEMP := D;
end case;
Z <= TEMP after MUX_DELAY;
end process MUX;
end MUX_BEHAV;
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4.7 Loop Statement

0 Syntax
[ loop-label : ] iteration-scheme loop
sequential-statements
end loop [loop-label];

O Iteration schemes 2| 3 Jt Xl & EH
1) for identifier in range
2) while boolean-expression
3) no iteration scheme is specified

O Ex of for loop
FACTORIAL := 1;
for NUMBER in 2 to N loop
FACTORIAL := FACTORIAL* NUMBER;
end loop;

O Ex of while loop
J :=0; SUM :=10;
while J < 20 loop

SUM := SUM *2;
J=J+3;
end loop;

O Ex of no iteration scheme used
SUM :=1;J:=0;
L2 : loop
J:=J+21;
SUM := SUM*10;
exit when SUM >100;
end loop L2;
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4.8 Exit Statement

O Loop LHOIIAl loop E WIEAH LI=2 [ Al

0 Syntax
exit [ loop-label] [ when condition ];

O Ex:(Section4.7 &X)

[0 Loop-label O] XIEEZH U2 oHY loop E, AW IIE CHEQ| loop E
bt LS

4.9 Next Statement

O Loop LHOIAl &M iteration 2 H0iY= FE== AUF LD, MZ2 iteration

= ANEE

0 Syntax
next [ loop-label ] [ when condition |;

O Ex.
L4 : for k in 10 downto 1 loop
L5 : loop
-- statements
next L4 when WR_DONE = ‘1’;
-- statements
end loop L5;
-- statements
end loop L4;
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4.10 Null Statement

0 Syntax
null;

O Ot el action 10| CISez 02

O if or case statement QtUHIA AIS

4.11 Assertion Statement

0 Entity 21 {™ constraints 2 check dt=0l AtE
— Assertion condition O] false & [l active &I 01 error £ report &
— Signal gt0| range € 2 0{LI=XI, setup time violation Al error report 244

0 Syntax
assert boolean- expression
[ report string-expression ]
[ severity severity-level-expression |];

[0 Severity-level expression : predefined enum type SEVERITY_LEVEL

0 Ex. 1
assert (DATA <= 255)
report “Data out of range”;

0 Ex.2
assert (CLK =‘0’) or (CLK = “1);
-- default message “Assertion violation” is printed
-- default severity level is ERROR
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4.12 Delay models

0 3 3F2 Delay models
1) Delta delay model : Signal assignment 0ll A after clause Jt 12 H AIE &=
default delay model
2) Inertial delay : Switching circuits 0l M A= &= delay model
After clause It UZS [ default 2 AIE %= delay model
3) Transport delay : Hardware interconnection 0l A AtE6t= delay model
Ideal propagation delay model

1) Delta delay
— &Ml simulation time 0| &JtotAl 2= very infinitesimally small delay
— Events 2| &=AJI deltadelay 2 8=tz d2&
(10ns,10ns+1d,10ns + 2d)

2) Inertial delay
— Input 80| &= AltS O OFEEIO{0F output Ol B1510 ZA8!

=
— Signal 2| unwanted spikes L} transients =2 filtering out AIZ [ AlS

[0 Ex.
Z <= A after 10 ns;

v UL
>

58 10 25 28 30 45 ns

delay = 10ns

20 40 ns

3) Transport delay
— Inputl 2= H3II #EE A2 F0 output Ol AUHZ L E

0 Ex.
Z <= transport A after 10 ns;

58 10 25 28 30 45 ns

delay = 10ns
15 18 20 35 38 40 55 ns
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O Process 2t0l /U=

O

4.13 More signal assignment in a process

1) Signal Driver

AN —

oz 21 AS. Wait statement It =

Ex

signal A, Z : INTEGER
process (A)

variable V1, V2 : INTEGER

signal assignment = oY signal 0l CHoll driver
Signal driver = oilE signal 2 &M gttt OlcH

£ dde
gt = sequence of transactions
Tl 02 assign & gt XA =

BA
SH
=

-- if an event on signal A occurred at time T,

begin
V1:=A-V2; -- V1 gets new value at time T
Z<= -V1; -- Z is scheduled to get a new value at wait st
V2:=Z+V1*2 -V2 = signal Z 2| W& g8iLZ H&HE
end process;
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0 Ex. of Inertial delay on signal drivers

signal RX_DATA : NATURAL;

process

begin
RX_DATA <= 11 after 10 ns;
RX_DATA <= 22 after 20 ns;
RX_DATA <= 33 after 15 ns;
wait;

end process;

RX_DATA € 33 @ 15 ns

O Ex. of transport delay on signal drivers

signal RX_DATA : NATURAL;

process

begin
RX_DATA <= transport 11 after 10 ns;
RX_DATA <= transport 20 after 22 ns;
RX_DATA <= transport 35 after 18 ns;

end process;

RX_DATA € 11 @ 10 ns;
RX_DATA € 35@ 18 ns;
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4.14 Multiple processes & process communication

0 otLtel architecture body 20l 0424 JHSl process It =ME = US
0l B0l 2 process = signal 2 AIE0IH A2 EE2E w&te = U2
O Ex. of two interacting process
READY
SERIAL IN Process RX | DATA Process MP PARALLEL_OUT

é
CLK ACK

—>

— RX process Jt serial input data € | =0l12, MP process 0l H READY
signal 2 2. MP process Jt output 0l data € &1 LAl RX process 0
ACKsignal 2 EY( UtAl MZ2 datas 210 SO0IEF )

0 Timing diagram

RX reading new serial data

READY
10 65 75 140 150 ns
ACK
Data output by MP
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O VHDL code

entity interacting is
port ( SERIAL_IN, CLK : in BIT;
PARALLEL_OUT : out BIT_VECTOR(0 to 7) );

end interacting;

architecture arch_process of interacting is
signal READY, ACK : BIT; DATA : BIT_VECTOR( 0 to 7);

begin
RX : process
begin
READ_WORD( SERIAL_IN, CLK, DATA); -- read data
READY <= ‘1’;
wait until ACK = ‘1’;
READY <= ‘0’;

wait for 40 ns;
end process RX;

MP: process

begin
wait for 25 ns;
PARALLEL_OUT <= DATA;
ACK <= 1", ‘0’ after 25 ns;
wait until READY = ‘1’;

end process MP;

end arch_process;
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5. Dataflow Modeling

O Dataflow model : Concurrent signal assignment statements 2t block
statements £ AIE6t0 entity 2 J|S 1t information flow S&2 2 Jl=¢g.

5.1 concurrent signal Assignment Statement

[0 Concurrent signal assignment statement = <= 2EZ0# U= signal 0l event
F e e =28E (event-triggered)
— Statement =A 0= S2t&

0 Ex. of sequential statements vs concurrent statements
architecture SEQ_ASG of EX is -- Ex. of seq. Signal assignment
begin

process (B) -- Event on B triggered at time T
begin
A <=B; --AgetsnewvalueofBatT +*
Z<=A; -- Z gets old value of Aat time T + * also

end process;
end;

architecture CON_ASG of EX is --Ex. of concurrent signal assign
begin

begin -- Event on B triggered at time T
A <=B; --AgetsnewvalueofBatT +*
-- A will trigger next statement
Z<=A; -- Z gets old value of Aat time T + 2* also

end;

O Ex. of three inverting buffers
architecture 3 _INV of EX is -- show order independent
signal B, C : BIT;

begin

Z <=not C;

C <=not B;

B <= not A; -- Event on signal A triggers this one
end;
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5.2 Conditional Signal Assignment Statement

0 =0 & condition 0ff [t} target-signal Bl CtE &t0| assign &
(Behavioral 0l Al if statement 2t B|=t)

0 Syntax
target-signal <= {waveform-elements when condition else}
waveform-elements;

architecture DFF of D FF is

begin
g <=‘0’whenrst =0’ else
d when clk = ‘1’ and (not clk’stable) else -- rising edge
q;

end DFF;
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5.3 Selected Signal Assignment Statement

[0 Select expression 0fl [t2t target-signal 0l CtE g0l assign &
(Behavioral 0l Al case statement 2 H|=)

0 Syntax
with expression select
target-signal <= waveform-elements when choices
{waveform-elements when choices};

0 Ex
type OP is (ADD, SUB, MUL, DIV);
signal OP_CODE : OP;

with OP_CODE select
Z <= A + B after 3 ns when ADD,
A — B after 3 ns when SUB,
A* B after MUL_DLY when MUL,
A/ B after DIV_DLY when D1V,

0 Equivalent process statement
process
begin
case OP_CODE is
when ADD => Z <= A + B after 3 ns;
when SUB => Z <= A - B after 3 ns;
when MUL => Z <= A * B after MUL_DLY;
when DIV =>Z<=A/ B after DIV_DLY;
end case;
wait on OP_CODE, A, B;
end process;
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5.4 Multiple drivers (BUS ) — Resolution function

Ol
0 1e ¢

0 2t signal assignment statement 0l CHoll StLtSl signal driver Jf 242!, Gt
Ol signal Bl ({4 JH2l concurrent signal assignment statement Jt At S &
multiple drivers (or BUS)Jt & 28 & 1), user-defined resolution function 0|
. 0l &0l 0l&d signal 2 resolved signal 012t £ 8.

0 Resolution function : 1 — D unconstrained array 2| &t Jii input parameter & Jt&!.
— Inputarray 2| 2t element = driver 2| 22t gt2 21 US

&=

— Input parameter type & return type = signal 1t

O Ex.
entity TWO_DR is
port (A,B,C:inBIT;Z:out WIRED ORBIT);
-- output specified by resolution function
end TWO_DR;

architecture TWO_DR_BEH of TWO DR is
function WIRED_OR (inputs : bit_vector ) return BIT;

signal Z : WIRED_OR BIT; A
begin B

Z <= A and B after 10 ns;

Z <= not C after 5 ns; z
end; C

O Ex. of resolution function WIRED _OR
function WIRED_OR (INPUTS : BIT_VECTOR ) return BIT is
constant float_value : BIT := ‘0’;
begin
if INPUT'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 WIRED_OR;
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6. Structural Modeling

0 Entity Jt .signal 0 2o A& = H/W component & & 22 modeling &

6.1 Component Declaration

O Subcomponent & AIEZE entity | Ol interface E & HE
— Architecture body Lt package 2| A A S (declarative part)dil Jl=g&

0 Syntax
component component-name
port (list-of-interface-ports);
[ generic (generic-association); ]
end component;

O Ex.
component MP
port (CK, RESET, RDN, WRN : in BIT;
DATA _BUS : inout INTEGER range 0 to 255;
ADDER_BUS :in BIT_VECTOR (15 downto 0 ) );
end component;
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6.2 Component Instantiation

0 Entity LHOIA AtE %= subcomponent E & 2|&!
— Instance 018, &M AIEE signal 0|& S= mapping otAH &
— Architecture Lt package 2| 2= =0l M (after begin) AtE&

0 Syntax
Instantiation-label : component-name port map ( association-list )
[ generic map (association-list) ];

— Instantiation-label 2 instance 0|2 & ZtF&

O Entity 0l AFE3dt= actual signal 0l 3t component declaration Bl A AL
St local 0| 2= ™ & (Association)oll =

O Actual 0|1t local 0| &= associate ol== S JtAl &E
1) positional association : component & A 20 LIEHH port =AMCHZ mapping
2) named association : local1 => actual1, local2 => actual2,...

O Ex.
-- component declaration
component NAND2
port (A, B :in BIT; Z: out BIT);
end component;

-- component instantiation with positional association
N1 : NAND2 port map ( S1, S2, S3);

-- component instantiation with named association
N2 : NAND2 port map (A=>S1, B => S2, Z => S3);

-- component instantiation with keyword open (ie. port is not connected)
N3 : NAND2 port map ( S1, open, S3);
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6.3 Generics

00 Entity declaration 3t Ol|0l CHE3dl= architecture body 0l M parameterized
A2 E MEaol)| foHM AIE3dt= constant object
— Interface port 21 37|, rise & fall delays S = parameter & =&
— A& node = in(2 22| entity declaration & =)
— Generic constant = component declaration, component instantiation,
configuration specification, configuration declaration 0il A local static gt =2 Xl
ot AtE

0 ExA
entity NAND is
generic ( N : NATURAL );
port (A:inBIT_VECTOR (1toN);Z:outBIT);
end NAND;
architecture GEN_EX of GEN_EX is
component NAND
generic ( N: NATURAL :=5);
port (A:inBIT_VECTOR (1toN);Z: outBIT);
end component;
signal S1, S2, S3, S4 : BIT; SA, SB, : BIT_VECTOR(1t05);
begin
A1 :AND_GATE port map ( SA, S4); -- use default value
A2 : AND_GATE generic map ( N => 3) port map ( SB, S3);
end GEN_EX;

0 Ex.2
entity NOR2 is
generic (PT_HL, PT_LH : TIME );
port (A,B:BIT;Z:outBIT);
end NOR2;
architecture NOR2 DELAYS of NOR2 is
signal TEMP : BIT,;
begin
TEMP <=not (AorB);
Z <= TEMP after PT_HL when ( TEMP =0’ ) else
TEMP after PT_LH,;
end NOR2_DELAYS;
-- component instantiation of NOR2
N1 : NOR2 generic map ( 5 ns, 3 ns ) port map (A, B, S1);
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6.4 Configuration specification

S S8 entity 0l 2&¢€.

12 )

O Component instantiation Al £& component
H
)

— Configuration 2| C+E SEHY ( Section 2.3 1t
— Architecture 2| A=S0 AXS ( HE Al =2

0 Syntax
for comp-labels : component-name

use entity entity-name [ (architecture-name) ]
[ generic map (generic-association) ]

[ port map (port-association) ]

-- binding-indication

O Ex.
architecture arch DUMMY of DUMMY is

component NOR_GATE
generic (RISE_TIME, FALL_TIME : TIME);

port (SO, S1:in BIT; Q: out BIT );
end component;

for N1, N2 : NOR_GATE
use entity WORK.NOR2 (NOR2_DELAYS)
generic map (PT_HL =>FL_TIME, PT_LH => RS_TIME);

port map (S0, S1, Q);
signal WR, RD, RW : BIT;

begin
N1 : NOR_GATE generic map (2 ns, 3 ns ) port map (WR, RD, RW);

end arch_ DUMMY;
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7. Subprogram & Overloading

& ESF2 subprogram
1) Function : Single value £ Hl&t6HI| fIo =2 ALE
2) Procedure : Mode parameter out, inout 2 AFE0t0H Oef IH2l = return &

> AB. =2 2 22| partition S RIoH ALZ

7.1 Function

O Z2 resolution function, type conversion, overloading operator £ 2?0l AtE
— Passing parameter = in mode Bt JtS06t1) (constant, signal 8t passing Jts),
function 2t0Il A HEO0| CHE

— Function body = package body LI calling block 2| A=20 < XI&

0 Syntax for function body
function ft_name [ (para_list) ] return ret_type is
item_declarations
begin
sequential_statements
-- & wait statement = 3 & Ct&
end [ ft_name |;

O Syntax for function call;
ft_name [ (actual_para_list) ]

O Ex
function LARGEST ( tatal_no : integer; set : pattern ) return real is
variable return_val : real := 0;
begin
for Kiin 1 to total_no loop
if set(k) > return_val then
return_val := set (k);
end if;
end loop;
return return_val,
end LARGEST,

-- function call
sum := sum + LARGEST (max_coins, collection);
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7.2 Procedure

0 =2 2 322 partitioning = FIol AtEe!
— Passing parameter = in, out, inout 0| Jt=3t12, constant, signal, variable 25
E passing & == UZS (Default : constant for in, variable for out, inout)

0 Syntax for procedure body
procedure proc_name [(para_list)] is
item_declarations
begin
sequential_statements
-- wait statement & 31 E &
end [proc_name];

0 Syntax for procedure call
procedure-name (actural_para_list);

0 Ex
type OP_CODE is (ADD, SUB, MUL, DIV, LT, LE, EQ);

procedure ALU (A, B : in integer; OP: in OP_CODE;
Z : out integer; ZCOMP : out BOOLEAN) is

begin
case OP is
when ADD =>Z :=A + B;
when SUB =>Z :=A-B;
when MUL =>Z :=A* B;
when DIV =>Z := A/ B;
when LT =>Z7:=A<B;
when LE =>Z7:=A<=B;
when EQ =>Z7:=A=B;
when others => null;
end case;
end ALU;

-- procedure call
ALU (D1, D2, ADD, SUM, COMP);
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7.3 Subprogram Overloading

SO Ol& 2l subprograms O] =28t 0= & = US
— ©f parameter 2 =XiLt type O] &2tOF &

0 8ot= &ot
1) Parameter type.0il 2|8t <&
function COUNT (ORANGES : integer ) return integer;
function COUNT (APPLES : BIT ) return integer;

COUNT (20);
COUNT(‘1");

2) Parameter 2| JH==0l /gt &
function SMALLEST (A1, A2 : integer ) return integer;
function SMALLEST (A1, A2, A3, A4 : integer ) return integer;

SMALLEST (4, 5);
SMALLEST (20, 35, 1, 52 ),
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7.4 Operator Overloading

[0 Predefined operators = =& type 2| operand 0l CHoH M BH H 2T UA=0I,
function body £ AIE0t0 CHE type Ol oM T AIEE = UAES &
— Overloaded operator : double quotes 2t &JH AIS &

00

O Ex.
function “not” (op1 : in bit4) return bit4 is
begin
case op1 is
when ‘0’ => return ‘1’;
when ‘1’ => return ‘0’;
when others => return ‘X’;
end case;
end “not’;

architecture df of EX is
signal a, b, x, y : BIT4;
function “not” (op1 : in BIT4) return BIT4;
begin
a <= not b; -- pre-defined not operator;
y <= “not” (x); -- overloaded not operator;
end ;
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8. Advanced Features

8.1 Entity Statement

O Entity architecture 0ff S22 0l2| check & WEZ= <o AFE(I/F check)
— Entity declaration 20l ?[XI&f (section2.2 &= )

— Passive statement Bt AFZ 0l OF St1l, signal assignment = 2+&
— =2, assertion statement, procedure call, process statement & AlE&

0 Syntax
entity entity name is
[ generic (...) ;]

[port(...);]

[ entity_common_declarations ] -- common declarations
[ begin

entity_statements ] -- common statements

end [ entity_name |;

0 Ex. 1
-- check for RS FF inputs never high simultaneously
entity RS_FF is
port (R, S :in Bit; Q, QBAR : out BIT);
constant FF_DLY : TIME := 24 ns;
type FF_STATE is (ONE, ZERO, UNKNOWN);
begin
assertnot (R=1"and S =1)
report (“Not valid inputs !");
severity ERROR,;
end RS _FF;

0 Ex.2
use WORK.MYPACK.CHECK_SETUP;
entity DFF is
port (D, CLK : in BIT; Q, QBAR : out BIT);
constant SETUP : TIME :=7 ns;
begin
CHECK_SETUP (D, CLK, SETUP); -- procedure call
end DFF;
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8.2 Generate Statement

O Concurrent statement € Bt=06tHLE ZAHE O Z £85I H|
2 A2

Regular structure (memory, registers, counters)0il =

Ot go

O 5 JXI SHf
1) for-generatoin EEi AtE : statement Ot Hoi&l =

-

1>

0 =
uil} —
==t

2 g

o

=

(=]
A
e

2) if-generation SEi AFE : statement Jt condition 0l It

1) Syntax for for-generation scheme
generate-label : for generation-id in range generate
concurrent-statements

end generate [ generate-label ];

O Ex.
entity FULL_ADD4 is
port (A, B :in BIT_VECTOR (3 downto 0 ); CIN :in BIT ;

SUM : out BIT_VECTOR ( 3 downto 0 ); COUT : out BIT );

end FULL_ADD4;
architecture EX_GEN of FULL _ADD4 is
component FULL_ADD
port (A, B, C : in BIT; COUT, SUM : out BIT);

end component;
signal CAR : BIT_VECTOR( 4 downto 0 );

begin
CAR(0) <= CIN;
GK1 : for Kin 3 downto 0 generate
FA: FULL_ADD port map (CAR(K), A(K), B(K), CAR(K+1), SUM (K));
end generate GK1;
COUT <= CAR(4);
end EX_GEN;
A(3) B(3) A(2) B(2) A(1) B(1) A(0) B(0)
— e [l [ ——on
FA3 FA2 FA1 FAO
I I I ‘
COUT — CAR(3) CAR(2) CAR(1)
SUM(3) SUM(2) SUM(1) SUM(0)
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2) Syntax for if-generation scheme
generate-label : if expression generate
concurrent-statements
end generate [ generate-label ];

O Ex.
entity COUNTER4 is
port (COUNT, CLK : in BIT ; Q : buffer BIT_VECTOR ( 3 downto 0));
end COUNTER4;
architecture IF_GEN of COUNTER 4 is
component D_FF
port (D, CLK : in BIT; Q : out BIT);
end component;
signal CAR : BIT_VECTOR( 4 downto 0 );
begin
GK: for Kin 0 to 3 generate
GKO : if K= 0 generate
DFF : D_FF port map ( COUNT, CLOCK, Q(K));
end generate GKO;
GK1_3 : if K> 0 generate
DFF : D_FF port map ( Q(k-1), CLOCK, Q(K));
end generate GK1_3;
end generate GK;
end IF_GEN;

COUNT —
DFFO DFF1 DFF2 DFF3

Q) Q(1) Q@) Q)
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8.3 Block Statement

O Subcomponent E J|=%g [, component instantiation statement & AIE3atHX
ot AE D=0k ol AFE

— Design decomposition = ?/oi A& GtH L, guarded block 22 ALE

0 Syntax
block-label : block [(guard_expression)]
[block _header] -- generic or port interface
[block_declarations]
begin

concurrent-statements
end block [block-labell;

1) Design decomposition

O Architecture body LHOIl HESHC X AHE & [, component instance 2
fatten description £ = in-line expansion 22 Mg = US

O Ex.
entity FULL_ADDER is
port (A, B, CIN : in BIT; SUM, COUT : out BIT);
end FULL_ADDER;
architecture BLOCK EX of FULL_ADDER is
signal S1, C1, C2: BIT;
begin
HA1 : block
port (IN1, IN2 : in BIT; SUM, CARRY : out BIT);
port map (IN1=>, IN2=>B, SUM=>S1, CARRY=>C1);
begin
SUM <= (IN1 and (not IN2)) or (IN2 and (not IN1));
CARRY <= IN1 and IN2;
end block HA1;
HAZ2 : block
begin
process (X, Y)
begin
S<=XorY;

end block HAZ2;
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2) Guarded Block

O Block statement 0l Al [guarded expression]0| AtZ & ™, GUARD(type
BOOLEAN)2+S signal Ol block L0l A1QiEl 2002 2b=3t,
— GUARD signal 2 enable/disable st=0 AIE Jis

[0 Keyword guarded Jt signal assignment statement 0ff && AIEE = US
— GUARD signal 0| true 0™, guarded expression O| target signal 0if assign =
— GUARD signal 0| false 0|™, events Jt target signal 0ff 2 &= 0l&
- £3& event 0fl trigger &= H/W, F/F, clocked logic = modeling ot=01 AtE
0 ExA
B1 : block (STROBE = ‘1)
begin
Z <= guarded not A; -- STROBE J} false 0|, Z is disabled
end block B1;

0 Ex. of rising-edge triggered D-FF
entity D_FF is
port (D, CLK : in BIT; Q, QBAR : out BIT);
end D _FF;
architecture DFF of D _FF is
begin
L1 : block (CLK = 1" and (not CLK’'STABLE))
signal TEMP : BIT;

begin
TEMP <= guarded D;
Q <= TEMP; QBAR <= not TEMP;
end block L1;
end DFF:

0 Equiv. process statement for guarded assignment
BG : block (guard-expression)
signal SIG, BIT;
begin
process
begin
if GUARD then SIG <= waveform-assignment
end if
wait on signal-in-waveform-elements, GUARD;
end process;
end block BG;
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8.4 Guarded Signal

[0 Guarded signal : bus £ = register £ ClAT= S8t signal
— Guarded signal 2 guarded assignment 0l 2|oi A Bt gt= assign & = US
— Guarded expression 0| false 0| &, guarded signal driver = disconnect &
— bus : H/W bus (2= driver Jt disconnect &l &, resolution ft.2 2 gt Z &)
— register : Storage element ( “ “ , OEXIS g0l €0t US)

0 General form
signal list-of-signals : resolution-function signal-type
signal-kind [:= expression];
— O1J1A signal-kind = bus or register &

O Ex.
architecture GUARD _EX of EX is
signal GUARD_SIG : WIRED_OR BIT register;
signal UNGUARD_SIG : WIRED_AND BIT;
begin
B1 : block (guard-expression)
begin
GUARD_SIG <= guarded exp1; -- disconnect driver if false
UNGUARD_SIG <= guarded exp2;
end block B1;
end GUARD_EX;
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8.5 Aliases

0O JIZE2l object 0]l CtE 0182 20l= A

— =2 objectil EE2 B2 0|52 22 HOYH &2

0 Syntax
alias identifier : id_type is name;

O Ex.
variable DATA_WORD : BIT_VECTOR (15 downto 0);
alias DATA_BUS : BIT_VECTOR (7 downto 0);
DATA_WORD (15 downto 8);
alias RESET : BIT is DATA_WORD(4);
alias RX_READY : BIT is DATA_WORD(5);

-- DATA_BUS &t 0|S0| DATA_WORD(15 downto 8)0l At&Jts
-- DATA_WORD(4)Jt AtE&& [H= reset Olgt OIS0l O &clg

8.6 Attributes

O XI&EE entity (type, object)2 01 &= =It2 H2ot=0l AIES

O Pre_defined attributes 1t user-defined attributes @22 =2

A) Pre-defined attributes

[0 Pre-defined attributes 2| 5 &
1) Value attributes
2) Function attributes
3) Signal attributes
4) Type attributes
5) Range attributes
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1) Value attributes

O For any scalar type or subtype T,
— TLEFT : returns the left bound of T
— T’RIGHT : returns the right bound of T
— T’HIGH : returns the upper bound of T (the highest position)
T’LOW : returns the lower bound of T (the lowest position)

0 For a constrained array object A
A'LENGTH(N) : Nth dimension 0il Q= element 2| == return

O For a block label or an architecture name BA
— BA’BEHAVIOR : true if no structure is present
— BA'STRUCTURE : true if only structure is present

O Ex. 1

type ALLOWED_VAL is range 31 downto O;

type WEEK_DAY is (SUN, MON, TUE, WED, THU, FRI, SAT);
then

ALLOWED_VAL'LEFT = 31

ALLOWED_VALLOW =0

WEEK_DAY’HIGH = WEEK_DAY’'RIGHT

WEEK_DAY’RIGHT = SAT

0 Ex.2
if
signal TX_BUS : MVL_VECTOR(7 downto 0);
then
TX BUS'LENGTH =8
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2) Function attributes

0 Represent function that are called to obtain a value
(used to convert values from an enum or physical type to an integer type)

O For discrete type, a physical type, or a subtype T
— T'POS(V) : return position number of Vin T
— T'VAL(P) : return value at position P in T
— T'SUCC(V) : returns value in T which is on position higher than V
— T'PRED(V) : returns value in T which is on position lower than V
— TLEFTOF(V) : returns value in T which is on position left from V
— TRIGHTOF(V) : returns value in T which is on position right from V

0 Ex. 1
if
subtype DLY_TIME is TIME range 50 ns downto 10 ns;
then
DLY_TIMES’SUCC(21 ns) =22 ns
DLY_TIME'RIGHTOF(11 ns) =10 ns

0 For a constrained array object A
— ALEFT(N) : returns the left bound of Nth dimension of A
— ARIGHT(N) : returns the right bound of Nth dimension of A
— A’LOW(N) : returns the lower bound of Nth dimension of A
— AHIGH(N) : returns the upper bound of Nth dimension of A

O For a signal object S
— S’EVENT : &X{ simulation Al2H0il signal S 0l event D A2 & true
— S’ACTIVE : &M simulation Al2H0l signal S Jt active 0| ™ true
— S’LAST _EVENT:S Ol tt2 O|& event O|F Z st AlZ2t2 return
— S’LAST_ACTIVE: S 0fl HtZ O|& active {E Ol= Zutst Al2tS return
— S’LAST_VALUE : HtZ &H& event O|™0U S It JIIFE gt= return

0 Ex. 2
if
signal CLOCK : BIT;
signal COUNT : INTEGER;
then
(CLOCK =“1"and CLOCK’EVENT)  --rising edge on CLOCK
(COUNT =20 and COUNT’LAST_VALUE =10)
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3) Signal attributes

=

[0 Associated signals 2 £H MZ& signal = Ct=0 &
— Concurrent statement Ol M AIE & ™ event E EMAIZ

O For a signal object S
— S’DELAYED(T): SOIM Al2t T22 delay & MZ& signal
— S’STABLE(T):SJt TUHAM eventE <X H2H true JI &= boolean signal
- S’QUIET(T): S It T UM active & Xl 223 true Jt &l = boolean signal
— S’TRANSACTION : S Jt active 2 [HOICH gt0l Bt = bit type signal

0 Ex. 1
if
signal CLOCK_SKEW : BIT;
then
CLOCK_SKEW’DELAYED(7 ns);
CLOCK_SKEW’STABLE(6 ns);

4) Type attributes

O For any type or subtype T
— T’BASE : returns the base type of T

5) Range attributes

0 For a constrained array object A
— A’RANGE(N) : returns the Nth index range of A
— A'REVERSE_RANGE(N) : returns the Nth index range reversed

0 Ex. 1
if
variable WBUS : MVL_VECTOR (7 downto 0);
then
for INDEX in WBUS’RANGE loop -- parameterized index for loop
end loop;
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B) User-defined attributes

0 User-defined attributes : constant of any type
O Attribute declaration : attribute name 1t 7] type 2 CtS1 20 d2lg
attribute attr-name : value-type;

O Attribute specification : attribute 0|1t gt assignment E X & &
attribute attr-name of item-names : name-class is expression;

0 Ex. 1
type FARADS is range 0 to 5000
units

pf;
end units;
attribute CAPACITANCE : FARADS; -- attr. declaration

attribute CAPACITANCE : FARADS of CLK, RESET : signal is 20 pf --attr. spec
attribute CAPACITANCE : FARADS of all : variable is 0 pf; --item-name for all

O Attribute 2t= item-name’attr-name S EH 2 expression HIM AIE Jts&

0 Ex. 2
signal CAP_VAL : FLOAT;

CAP_VAL <= 2*CLK'CAPACITANCE;
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9. Modeling Techniques

9.1 Design Library & &

1.Value System 2| &

1) Simulation Al ™ value system & AtEE A QI01?
0ll) Predefined one, four-value system(0, 1, U

0 4-value system
type MVL is (0, ‘1’, ‘u’, 'Z’);
type MVL_VECTOR is array (NATURAL range <> of MVL);

2) Btf predefined system = AtE0HAl 2= CHH
a.Basictypes 2 MZ0| #2|5t1,
b. These types 0 Cigt J|& operation set = &2/oli0F &
- VHDL operators 250l CHoll overloaded operators & & 2|0l OF &

2.Component package 2| &

— Structural modeling = ot2d®, £ = component 2| component declaration £
L etol= package € HE80lOF &

-

O package for CMOS components (CMOSLIB, VTICMOS_LIB)
O package for TTL-7400 series components (TTLLIB)
00 package for ECL components (ECLLIB)
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9.2 Test Bench & &4

[0 TestBench 2 &%
1) Simulation = o Z 28t input stimulus vector £ & & (waveforms)
2) EUT(Entity Under Test)0ll stimulus € & &0t12, Z10tE monitor &

3) Stimulation Z20E W& 23 X2 BlwWe
— VHDL & test bench program & VHDL 2 & &06t=

A

FE N

0
I

O Testbench 2| bBtA A EH

entity TEST_BENCH is
end;

architecture TB_ BEHAV of TEST_BENCH is
component ENTITY_UNDER_TEST
port(list of ports);
end component;
Local-signal-declarations;

begin
Generate-waveforms-using-behavioral- constructs (driver);
Apply-to-entity-under-test;
EUT : ENTITY_UNDER_TEST port map(port-associations);
Monitor-values-and-compare-with expected-values9monitor);
end TB_BEHAYV;

O Concept
Test Bench
Entity
Under
Monitor < Test
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1) Waveform Generation

£

O Input stimulus € 4ot &
1) Waveforms & Ot =
a) Bt= pattern AtS
b) A set vectors £ ASCII file ff M&SIH ALE
2) Entity 2| 200l 2HdH A stimulus E &8 (FSMtesting il &)

DNRR=Ig=s
% o

0N 2B A2 202 N8

a) Bt= patterns 2| A4

O Ex. 1:Aclock with a constant on-off delay
A <= not A after 20 ns; -- A to be of type BIT
0 Ex. 2 :Aclock with varying on-off day

process
constant OFF _PERIOD : TIME := 30 ns;
constant ON_PERIOD : TIME := 40 ns;
begin
wait for OFF_PERIOD;
D CLK <=1
wait for ON_PERIOD;
D _CLJ <=0}
end process;

CC <=
[a—

D CLK <=1 after OFF_PERIOD when D _CLK = ‘1’ else
‘0’ after ON_PERIOD;

O Ex. 3: Phase delayed clock from another clock;
DLY D_CLK <= D_CLK'DELAYED(20 ns);
O Ex.4: Hl B-=2 waveform

RESET <=0, ‘1’ after 100 ns, ‘O’ after 180 ns, ‘1’ after 210 ns;
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b)Vector set 2| AIE

O Input vectors £ ASCIIfile 0ff J &Gt AI&Eot= 0

process
type VEC_TYPE is file of BIT_VECTOR,;
file VEC_FILE : VEC_TYPE is in “/usr/jskim/EX1.vec”;
variable LENGTH : INTEGER,;
variable IN_VECTOR : BIT_VECTOR ( 1 to 4);

begin
LENGTH :=4; -- number of bits to be read
while (not ENDFILE(VEC_FILE) loop

READ(VEC_FILE, IN_VECTOR, LENGTH);

end loop;
end process;

O Output gt= file fl M &dt= 0
architecture DIV_TB _BENCH of DIV_TB is
component DIV
port (CK, RESET, TESTN L: in BIT; ENA: out BIT);
end component;
signal CLOCK, RESET, TESTN, ENABLE : BIT;
type VEC_TYPE is file of BIT_VECTOR,;
file OUTFILE : VEC_TYPE is out “/usr1/jskim/div.vec.out”;

begin
CKP: process
begin
CLOCK <= ‘03
wait for 5 ns;
CLOCK <= ‘1%

wait for 5 ns;
end process CKP;
RESET <=1, ‘0’ after 100 ns’
TESTN <= ‘0’, ‘1’ after 150 ns, ‘0’ after 600 ns;
D1:DIV port map (CLOCK, TESET, TESTN, ENABLE);
-- For every event on ENABLE output signal, write to file
MONITOR: process(ENABLE)
begin
WRITE (OUTFILE, ENABLE);
end process MONITOR,;
end DIV_TB_BEH;
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2) Z I Monitoring

O Input vectors £ & &St = simulation Z2E 2UHA 04 ZUXI2 HWE

0 Ex. (Input & output vectors E tables 0l X & &)
architecture DIV_TB_MON of DIV_TB is
component DIV
port (CK, RESET, TESTN : in BIT; ENA : out BIT);
end component;
type BIT3 is array (1 to 3) of BIT;
type BIT2_VEC is array(INTEGER range <>, INTEGER range <>) of BIT;
constant IN_VEC : BIT2_VEC := (“100”, “100”, “100”, “110”, “111”, “011”);
constant OUT_VEC : BIT2_vEC :=“0", “0”, “0”, “0” ,”1");
constant STROBE_DLY : TIME := 1ns;
constant CYCLE_TIME : TIME := 100 ns;
signal CLOCK, RESET, TESTN, ENABLE : BIT;

begin
APP: process
begin
for Jin1to IN_VEC'LENGTH(1) loop

P_1(DRV_SIG => CLOCK, SIG_VAL => IN_VEC(J,1),
DRV_DLY => 20 ns, DRV_WID => 30 ns);
-- procedure P_1 0| clock & M4 &
RESET <= IN_VEC(J, 2);
TESTN <= IN_VEC(J, 3);
wait for (CYCLE_TIME - STROBE_DLY);

assert ENABLE = OUT_VEC(J, 1); - 21 gl
wait for STROBE_DLY; -- Ct& vector £ <ol JICHE
end loop;
end process APP;
-- Entity Under Test

D2 : DIV port map (CLOCK, RESET, TESTN, ENABLE);
end DIV_TB_MON;
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Appendix A. Reserved Keywords

O OFeHOl =& reserved keywords = A& Xt2l VHDL description L 0l A
identifier 2 AIEE = S
abs access after alias all and architecture array assert attribute
begin block body buffer bus
case component configuration constant disconnect downto
else elsif end entity exit
file for function
generate genericc guarded
if in inout is
label library linkage loop
map mod
nand new next nor not null
of on open or others out
package port procedure process
range record register rem report return
select severity signal subtype then to transport type
units until use

variable wait when while with xor
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