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HDL - Conceitos e Origem

- Uma Linguagem de Descri¢éo de Hardware, ou HDL, é uma class
de linguagem de computacao e/ou programacao usada para
descrever de modo formal Circuitos Eletrénicos;

- Através de uma HDL podemos descrever fmncionamentode um
circuito, seuprojetoe suaorganiza;ao, bem como é possivel usar
a HDL para desenvolvertestes e verifiogdesdo circuito através
de simulacgdes;

HDL - Descricao de Circuitos Eletrdnicos:
Portas Ldgicas, Circuitos Combinatdrios, Circuitos Inegrados Digitais
(Memodrias, Decodificadores, Contadores, ULA, ...), @uitos Analégicos,

3 Microprocessadores, Processadores Dedicados, ...
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HDL - Conceitos e Origem

- As primeiras linguagens HDL foram:
ISP (Instruction Set ProcessQr desenvolvida em Carnegie Mellon, e
KARL , desenvolvida na Univ. de Kaiserslautern, por volta de-1977;

- ISP era similar a uma linguagem de programacao de softwas usada
para descrever relag@es entre entradas e saidas de unojgto;
- KARL incluia suporte para VLSI chip floorplanning e projetos de hardware;
- ABEL foi introduzida em 1983 pela Data-1/O. Era orientada ao prigto e
descricdo de PLDsKrogrammable logical devicgse FSMs Finite state machine}

Verilog foi a 1a. linguagem HDL moderna, tendo sido introduzid@&m 1985
pelaGateway Design Automatigrdepois adquirida pela Cadence;

VHDL foi criada por uma iniciativa do DoD (US Department of Defenge
no final dos anos 80 com o suporte da IEEE, tornand@sim padrao
para projetos =>IEEE Standards 1076.1, 1076.2, 1076.3, 1164 / VHDBLO 2008

£ SystemG em 1999 é anunciada ®pen SystemC InitiativéSynopsys)
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HDL - Conceitos e Origem

Referéncias
ABEL - Advanced Boolean Expression Language (now owned by Xilinx Ing
Verilog - Verilog Ressouces - http://www.verilog.com/

System Verilog -http://www.eda.org/sv/ - http://www.systemverilog.ord

IEEE Stardard 2001:

http://ieeexplore.ieee.org/xpl/standardstoc.jsp?ismber=20656&isYear=2001
VHDL - Sites: http://www.vhdl.org/

http://www.eda.org/ - http://www.eda.org/rassp/vhdl/

VHDL FAQ - http://www.vhdl.org/comp.lang.vhdl/FAQ1.ht ml
SystemC- Site Oficial: http://www.systemc.org/home

Board of Members: http://www.systemc.org/about/gallery

Veja também...
Wikipedia (en) - HDL, VHDL, Verilog, SystemC
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HDL - Conceitos

Dominios de Descrigao / Niveis de Abstracao

| Behavioral StructL!raI
S<A+E | 5 domain domain

Behavioral Structural
* Algorithrnic {corponents- VHDL models
* Drataflow interconnections)
N, Z
\ / Level of
ARTRRARN Physical Physical . abstractior]
{implementation)
[ERRRRREN]

Domains of Description
Gajski & Kahn

1: Levels of abstraction: Behavioral, Structural and Physical Y-Chart
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HDL - Conceitos

Dominios de Descrigao / Niveis de Abstracao

Structural Functional

high level of
--------- abstraction

.................... low level of
abstraction

Geometric “Y-chart’ due to

7 Gajski & Kahn
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HDL - Conceitos

Dominios de Descrigao / Niveis de Abstracao

Structural Functional

Standard Cells

Floor Plan

Geometric “Y-chart” due to
Gajski & Kahn
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HDL - Conceitos

Dominios de Descrigao / Niveis de Abstragao

Structural Functional

Standard Cells
Floor Plan

Geometric “Y-chart” due to
Gajski & Kahn
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HDL - Conceitos

Dominios de Descrigao / Niveis de Abstragao

Structural Functional

Algorithm
(behavioral)

Register-Transfer
Language

Boolean Equation|

Differential Equation |

Geometric “Y-chart” due to

10 Gajski & Kahn
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HDL - Conceitos S:= ((not(A)) and B) O
(A and (not(B)))
Dominios de Descrigdo / Niveis de Abstracéo C:=AandB
Structural Functional
Algorithm
(behavioral)

Register-Transfer
Language

Boolean Equation|

Differential Equation |

Geometric “Y-chart” due to

11 Gajski & Kahn
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HDL - Conceitos

Dominios de Descrigao / Niveis de Abstracao

Structural Functional

Processor-Memory
Switch

Register-Transfe

Transistor

Geometric “Y-chart” due to
Gajski & Kahn
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HDL - Conceitos

Dominios de Descrigao / Niveis de Abstracao

Structural Functional

Processor-Memory
Switch

e D—L—\ ! sum s .  Sum 3

W . “Y-chart” due to
g B | HA) | Camy Co Gajski & Kahn

7
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HDL - Conceitos

Projeto usando HDL

INFORMAL
DESCRIPTION
* a
b NAND P c
BOOLEAN
EQUATIONS
% |
A |
L ¥
SYNTHESIS

Antes: Projeto Tradicional

ofalalais

abcdef
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HDL - Conceitos

Projeto usando HDL

INFORMAL
DESCRIPTION

INFORMAL
DESCRIPTION

BOOLEAN
EQUATIONS

BOOLEAN
EQUATIONS

SPECIFICATION

3 N HDL

4

SYNTHESIS SYNTHESIS

Depois: Projeto HDL

15
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HDL - Conceitos

Projeto usando HDL

INFORMAL
INFORMAL DESCRIPTION

DESCRIPTION

BOOLEAN
EQUATIONS

BOOLEAN
EQUATIONS
SPECIFICATION

SYNTHESIS SYNTHESIS

Depois: Projeto HDL
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Projeto usando HDL

STRUCTURE BEHAVIOR

SYSTEM
CHIP Design tools
REGISTER HDL descriptions

Boole
GATE e
CIRCUIT
SILICON

17 Depois: Projeto HDL
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HDL - Conceitos

Projeto usando HDL

STRUCTURE BEHAVIOR
Ideal

CIRCUIT
SILICON

- Depois: Projeto VHDL + Design Tools (EDA)
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HDL - Conceitos

Projeto usando HDL

-

ASIC or FPGA

19
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VHDL - Conceitos Béasicos

Siglas VHDL = VHSIC HDL
= VHSIC Hardware Description Language
VHSIC = Very High Speed Integrated Circuit

VHDL =>VeryHigh Speed ntegratedCircuit HardwareDescriptionLanguage

- Criada em meados dos anos 80 pelo militares americados:
American Department of Defense “DoD”;
- Objetivos:
> Descricao de alto nivel (linguagem formal) de um siste digital;
> Permitir a simulagéio de circuitos eletronicos;
> Permitir a sintese autorética de circuitos integrados {LSI, ASIC, FPGA);
> Padronizacéo (IEEE 1076-1993), Reuso, Prototipacéo

20 "Rapid Prototyping of Application Specific Circuitand Systems"

Agosto 2008
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VHDL - Histérico

e Early "70s: Initial discussions (ABEL)

e Late "70s: Definition of requirements

e Mid -"82: Contract of development with IBM, Intermetrics and Tl
e Mid -'84: Version 7.2

e Mid -'86: IEEE-Standard

e 1987: DoD adopts the standard -> IEEE.1076-1987

e Mid -'88: Increasing support by CAE manufacturers

« Late "91: Revision

e 1993: New standard IEEE.1076-1993

e 1999: VHDL-AMS extension - IEEE 1076.1 (VHDL-AMS)

» |IEEE Standards 1076.2, 1076.3, 1076.4, 1076,5/ 1164 STD Logic
e 2006: VHDL-3.0 October 2006

e 2008: VHDL-4.0 - IEEE.1076-2008 [http://www.accellera.org/]

21
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VHDL - Conceitos

* Requisitos da Linguagem VHDL:
Abstracdo / Modularidade / Concorréncia (paralelismo)/ Hierarquia
* Objetivos da Linguagem VHDL: Modelagem, Simulacao e Siese

Modelling

Z <=1 when A='01" Simulation
else 0°;
AL
A T L
z .
Synthesis
I =

22
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VHDL - Conceitos

* Requisitos da Linguagem VHDL:
Abstracéo

- VHDL suporta descricdes de componentes, bem como,
de sistemas em diferentes niveis de abstracgao:
Gates, RTL, Processor-Memory Switch, Microprocessor and Systemns

- Portas e atrasos de componentes;

- Entradas e Saidas, Ciclos de Clock;

- Comportamento abstrato, sem nocao de atrasos;

- Blocos: componentes vistos como "caixas pretas"”, agentando
uma visdo externa da interface;

- Conexao de Macro-Blocos;

- Descricao: estrutural (schemati¢ ou

7 comportamental @lgorithmic / data flow).

Agosto 2008
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VHDL - Conceitos

* Requisitos da Linguagem VHDL:
Modularidade

- Cada componente em VHDL é referido como
uma entidade (entity) e tem uma interface claramente defida;
- A parte externa de um componente (interface)
€ chamada de éntity declaratiorf;
- A parte interna de um componente (structure/behavior
€ chamada de ‘architecture declaratiofy;
- Podem haver mdltiplas arquiteturas, inclusive em difeentes
niveis de abstracdo, associadas com uma mesma entidade;

Concorréncia Concurrent/ Sequential - Behavior Algorithmic
. Data Flow Style
- Sequential Statement®rocedural statements

2 - Concurrent StatementsProcess statements and Component Instances

Agosto 2008
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VHDL - Exemplo

Interface: Entity

A —

AND '

b '

2.VHDL

Structural: Schematic / Gate

entity AND2 is
port (a, b: in bit ;
c : out hit);
end AND2;

begin
c<=aandb;

architecture behavioral_2 of AND2 is

end behavioral_2; VHDL

ﬂ I—
C
B JE—
+5V
Behavioral:
A Truth Table
c [0
0 0 0
0
Structural: Transistor

USP - SCE-703 - 2008-2
Proj. e Implem. de Sistemas Embarcados |
Prof. Fernando Osério

26
Agosto 2008

VHDL - Exemplo

Entity

Interface: Entity (external)

2.VHDL

Entity - Describes only the interface (1/0)
Circuit as a "Black-Box"

a =—
AND [ "c
b g
entity AND2 is entity HALF_ADDER is
port (a, b: in bit ; p(?;t 53 in bit
c : out hit); e in bit

end AND2;

SUM, CARRY: out bit);
end HALF_ADDER;

13
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VHDL - Exemplo

Entity

Interface: Entity (external)

2.VHDL
port names port mode (direction)
e ;
entity reg4 is M H

1 port (do, d1, d2, d3, en, clk : in bit;

eng reg4;

3

réséwed words port ty['Je

g0, g1, g2, g3 : out it );<---4-- punctuation

Entity - Describes only the interface (1/0)
Circuit as a "Black-Box"

a ——
AND (o
b
entity AND2 is entity HALF_ADDER is
port (a, b: in bit ; port ( o
¢ - out bit): A, B: in bit;
- ' SUM, CARRY: out bit);
end ANDZ; end HALF_ADDER;
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VHDL - Exemplo

Architecture

Structural / Behavioral Description
Architecture (internal)

C<=AandB

2.VHDL

Architecture: Describes circuit "function”
Structure / Behavior / Data Flow

A

B S

_>—c

architecture behavioral_2 of AND2 is
begin

c<=aandb;
end behavioral_2;

architecture RTL of HALF_ADDER is
begin

SUM <= A xor B;

CARRY <= A and B;
end RTL;

14
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S
A — B
C
— D

entity AND2 is

entity HALF_ADDER is
port (

port (a, b: in bit ; A, B: in bt
c : out hit); SUM, CARRY: out bit);
end AND2: end HALF_ADDER;

. . . hi i
architecture behavioral_2 of AND2 is El(re%ilr:ecture RTL of HALF_ADDER is
beg(':n<: aand b: SUM <= A xor B;

. 5. CARRY <= A and B;
end behavioral_2; end RTL:
29
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VHDL - Exemplo

library ieee;
use ieee.std_logic_1164.all;

entity AND2 is
port (a, b: in std_logic;
c : out std_logic);
end AND2;

architecture behavioral_2 of AND2 is
begin

c<=aandb;
end behavioral_2;

Library: Usa a biblioteca padréo IEEE
30 Evite misturar BIT com STD_LOGIC

Agosto 2008

e BIT, BIT_VECTOR
- Valores: “0” ou “1”
- Atribuicéo de valor: bit_signal <="'0";
- Nativos da linguagem VHDL,
ndo precisam de declaragéo de
biblioteca

e STD_LOGIC, STD_LOGIC_VECTOR
- Valores: “0”, “1”, “” (don't care),
“Z" (alta impedancia),
“X” (indeterminado)
- Biblioteca ieee
- Declaragdes necessarias
e LIBRARY
e USE

15
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VHDL - Exemplo e BIT, BIT_VECTOR

- Valores: “0” ou “1”
- Atribuicéo de valor: bit_signal <="'0";
- Nativos da linguagem VHDL,

Tipos de Sinais (1/0)

e IN: dados fluem para dentro da Entidade, n_€\0_precisam de declaragéo de
que ndo pode escrever estes sinais biblioteca
> Ex. Clock, entradas de controle, entradas e STD LOGIC.STD LOGIC VECTOR

unidirecionais de dados
e OUT: dados fluem para fora da Entidade,
que ndo pode ler estes sinais.
> O modo OUT é usado quando a Entidade
nunca lé estes dados - ‘s
- Declaragdes necessarias
e BUFFER: dados fluem para fora da « LIBRARY
Entidade, que pode ler estes sinais,
permitindo realimentag&o interna *USE
> No entanto, o BUFFER n&o pode ser
usado para entrada de dados
e INOUT: dados podem fluir para dentro ou
para fora da Entidade
> S6 deve ser usado se necessario
Ex. Barramento de dados bidirecional
> Design menos compreensivel

- Valores: “0”, “1”, “” (don't care),
“Z" (alta impedancia),
“X” (indeterminado)

- Biblioteca ieee

Vetores Declaracéo:
bit_vector_signal : BIT_VECTOR(
maximum_index DOWNTO 0);
Vetores Atribuicéo:
bit_vector_signal(0) <= ‘1’;
bit_vector_signal(0) <= bit_signal;

il bit_vector_signal <= "0001";

Agosto 2008
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Linguagem VHDL - Componentes VAL Ently
=
Entity Declaration
Body
The entity declaration defines the NAME of the entity s
and lists the input and output ports. Fore
The general form is as follows:

entity NAME_OF_ENTITY is [ genericgeneric_declarations);]
port (signal_names: modetype;
signal_names: modetype;

signal_names: modetype);
end [NAME_OF_ENTITY] ;

-- Lines which starts with "--" are comments
-- Este € um comentario (termina no final da linha)

-- Allinguagem n&o é "case-sensitive" mas usualmente aeleta-gstilo proprio
32

Agosto 2008

http://www.seas.upenn.edu/~ese201/vhdl/vhdl_printen.
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Entity Declaration(cont.)

The NAME_OF_ENTITY is a user-selected identifier
* Signal_namesconsists of a comma separated list of one or meee-selected identifiers that
specify external interface signals.
* Mode: is one of the reserved words to indicate theaigirection:
>in — indicates that the signal is an input
>out —indicates that the signal is an outguhe entity whose value
can only be read by other entities that use it.
> buffer — indicates that the signal is an outputhefentity whose value
can be read inside the entity’s architecture
> inout — the signal can be an input or an output.

* Type: a built-in or user-defined signal type. Exampdésypes are:
bit, bit_vector, Boolean, character, std_logic, atdl ulogic.
> bit — can have the value 0 and 1
> hit_vector —is a vector of bit values (e.qg. bitctez (0 to 7)

> boolean — can have the value TRUE and FALSE
> integer — can have a range of integer values

> real — can have a range of real values

> character — any printing character

> time — to indicate time

33
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Entity Declaration(cont.)

Generic: generic declarations are optional and deterntirddcal constants used for timing
and sizing (e.g. bus widths) the entity. A genedn have a default value.
The syntax for a generic follows:

generic(
constant_name: type [:=value] ;
constant_name: type [:=value] ;

constant_name: type [:=value] );
For the example of this figure, the entity declamatooks as follows:

LOOR D

IGHITION

SBELT D

-- comments: example of the buzzer circuit of thevebfigure
entity BUZZER is
port (DOOR, IGNITION, SBELT:in std_logic;
WARNING: out std_logic);
end BUZZER,;

B1

T _WEARNING

34
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> std_logic,std_ulogic,std_logic_vector,std_ulogiector: can have 9 values to indicate the vdlue
and strength of a signal. Std_ulogic and std_logécpmeferred over the bit or bit_vector type$.

17
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i VHOL Enty
Linguagem VHDL - Componentes —]
— 1| (Entity declaration
Architecture Declaration
. . . . Body
The architecture body specifies how the circuitrapes and {Architecture)
how it is implemented. As discussed earlier, aityent cfpriﬂ?:;ﬁﬂ;.
circuit can be specified in a variety of ways,sas e
behavioral, structural (interconnected components),

or a combination of the above. The architectureydodks as follows:

architecture architecture_namef NAME_OF_ENTITY is
-- Declarations

-- components declarations

-- signal declarations

-- constant declarations

-- function declarations

-- procedure declarations

-- type declarations

begin
-- Statements

35
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endarchitecture_name;
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Linguagem VHDL - Componentes B P B

IGHITION

SBELT D

. . T _WEARNING
Architecture Declaration

The architecture body specifies how the circuitrapes anc
how it is implemented. As discussed earlier, aityent
circuit can be specified in a variety of ways,sas
behavioral, structural (interconnected components),

or a combination of the above. The architectureydodks as follows:

architecture architecture_namef NAME_OF_ENTITY is
-- Declarations
-- components declarations
-- signal declarations
-- constant declarations
-- function declarations
-- procedure declarations

Behavioral model
The architecture body for the previous example
described at the behavioral level, is given below,

architecture behaviorabf BUZZER s

-- type declarations begin
n WARNING <= (not DOORand IGNITION) or
begin
-- Statements (not SBELT and IGNITION);
: endbehavioral;

36
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endarchitecture_name;
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Linguagem VHDL - Componentes

Architecture DeclaratianMore Examples

2.VHDL - Linguagem

library ieee;
useieee.std_logic_1164.all;

entity AND2 is
port (inl, in2:in std_logic;
outl:out std_logic);
end AND2;

architecture behavioral_2f AND2 is

library ieee;
useieee.std_logic_1164.all;

entity XNOR2is
port (A, B:in std_logic;
Z: out std_logic);
end XNOR2;

architecture behavioral_xnoof XNOR2 is

begin -- signal declaration (of internal signals X, Y
outl <= inlandin2; signal X, Y: std_logic;
endbehavioral_2; begin

X <=AandB;

Nota: observe que as atribuigbes "<=" Y <= (not A) and (not B);
sdocomandos concorrentes, ou seja, Z<=XorY;

sdo executados a0 mesmo tempo, | | endbehavioral_xnor;
Onde sua Ol’dem no texto néo impOrtamis implies that the statements are executed wheror more of the signals on|

the right hand side change their value (i.e. amievecurs on one of the signals)

37
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Linguagem VHDL - Componentes

Architecture Declaration begin

-- Component instantiations statements

U0: NOT1port map (DOOR, DOOR_NOT);

Ul: NOT1port map (SBELT, SBELT_NOT);

U2: AND2 port map (IGNITION, DOOR_NOT, B1);
U3: AND2 port map (IGNITION, SBELT_NOT, B2);

Architecture specifies how

circuit operates and how it is
implemented. Example ofsdructural
(interconnected components) descripti

architecture structuralof BUZZER is U4: OR2 port map (B1, B2, WARNING);

--Declarations end structural;

componentAND2
port (inl, in2:in std_logic; outlput std_logic);

end component;

componentOR2
port (inl, in2:in std_logic; outlput std_logic); ECL

end component;

componentNOT1 . ) )wamnmo
port (inl:in std_logic; outlput std_logic); )

end component; G

-- declaration of signals used to interconnect gates

38 signal DOOR_NOT, SBELT_NOT, B1, B2: std_logic;
Agosto 2008
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Linguagem VHDL - Componentes

Architecture Declaration

Architecture specifies how
circuit operates and how it is

begin

-- Alternative association between the ports
U0: NOT1 port map (inl => DOOR, outl => DOOR_NOT);

39
Agosto 2008

implemented. Example ofsdru
(interconnected components)

architecture structuralof BUZ eng structural:

-- Declarations
componentAND2

port (inl, in2:in std_logic; ot

end component;
componentOR2

port (inl, in2:in std_logic; ot

end component;
componentNOT1

port (inl:in std_logic; outlg

end component;

-- declaration of signals used to interconnect gates

signal DOOR_NOT, SBELT_NOT, B1, B2: std_logi¢; concorrentes, ndo importando a or
de sua declaracdo

U1: NOT1 port map (in1 => SBELT, outl => SBELT_NQT)

U2: AND2 port map (in1 => IGNITION, in2 => DOOR_NQ®dutl => B1);
U3: AND2 port map (in1 => IGNITION, in2 => SBELT_NIQ B2);

U4: OR2 port map (inl1 => B1, in2 => B2, outl => RNING);

I

begin

-- Component instantiations statements
U0: NOT1port map (DOOR, DOOR_NOT);
Ul: NOT1port map (SBELT, SBELT_NOT);
U2: AND2 port map (IGNITION, DOOR_NOT, B1);
U3: AND2 port map (IGNITION, SBELT_NOT, B2);
U4: OR2 port map (B1, B2, WARNING);

end structural;

Nota: estes comandos também sad
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Types defined in the Package Standard of the std Library
. . Tyvpe Range of values Example
Data Typesdefined inthe [+ LT signal A bR =1
Standard Package. bit_vector an array with each element of type | signal INBUS: bit_vector(7 downto
bit 0)
bool FALSE, TRUE variable TEST: Boolean =FALSE"
VHDL has several character any legal VHDL character (see variable VAL: character ="§";

predefined types in the
standard package.

To use this package
one has to include
the following clause:

integer
library std, work;
usestd.standard.all;

natural

positive

real*

Cont...

2.VHDL - Linguagem

Linguagem VHDL - Componentes da Linquagem

package standard): printable
characters must be placed
between single quotes (e.g. ‘#")

file_open_kind*

read_mode, write_mode,
append_mode

file_open_status*

open_ok. status_error, name_error,
mode_error

range is implementation dependent
but inchudes at least —{231 —1)to
H' -y

constant CONSTI: integer =129;

mteger starting with 0 up to the
max specified in the
implementation

variable VARI: natural =2;

mieger starting from 1 up the max
specified in the implementation

variable VARZ: positive =2;

floating point mimber in the range
of 1.0 x 10°% to +1.0x 10°° (can
be mmplementation dependent. Not
supported by the Foundation
synthesis program.

variable VAR3: real =+64 2E12;

severity_level

note, warning, error, fallure

em

20
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entity QUAD NANDZ is
port (2, B: in bit_vector(3 downto 0);
out4: out std_logic_vector (3 dewnto 0));
end QUAD NAND2;

VHDL

architecture behavioral 2 of QUAD NANDZ is
begin

Type

Conversion out4 <= to_StdLogicVector (& and B);

end behavioral_ 2;

Since VHDL is a strongly typed language one camnot assign a value of one data type to a signal of a different
data type. In general. it is preferred to the same data types for the signals in a design. such as std_logic
(instead of a mix of std_logic and bit tvpes). Sometimes one cannot avoid using different tvpes. To allow
assigning data between objects of different types, one needs to convert one type to the other. Fortunately
there are functions available in several packages in the ieee library. such as the std_logic_1164 and the

std logic_arith packages. As an example, the std logic 1164 package allows the following conversions:

Conversions supported by std_logic_1164 package

Conversion Function
std_ulogic to bit to_bit(expression)
std_logic_vector to bit_vector to_bitvector(expression)
std_ulogic_wector to bit_vector to_bitvector(expression)
bit to std_ulogic To_StdULogic(expression)
bit_vector to std_logic_vector To_StdLogicVector(expression)
bit_vector to std_ulogic_vector To_StdUlogicVector(expression)
std ulogic to std_logic_wvector To_StdLogicVector(expression)
std_logic to std_ulogic_wvector To_StdUlogicVector(expression)

41 The IEEE std logic_unsigned and the IEEE std_logic_arith packages allow additional conversions such as

from an integer to std_logic_vector and vice versa.

Agosto 2008
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(IS T
V H D L 7. Operators

WVHDL supports different classes of operators that operate on signals, variables and constants. The

Operators different classes of operators are summarized below.
Class
1. Logical operators and or nand nor xor xnor
2. Relational = /= < <= > =
operators
3. Shift operators =11 srl sla sra rol ror
4 Addition operators | + = &
5. Unary operators +
6. Multiplying op. * / mod rem
7. Miscellaneous op. | ** abs not

The order of precedence is the highest for the operators of class 7. followed by class 6 with the lowest
precedence for class 1. Unless parentheses are used. the operators with the highest precedence are
applied first. Operators of the same class have the same precedence and are applied from left to right in
an expression. As an example, consider the following std_ulogic_wvectors, X (="0107), Y(="107), and Z
(*101017). The expression

not X& Y xor Zrol 1

is equivalent to ((not X) & Y) xor (Z rol 1) =((101) & 10) xor (01011) =(10110) xor (01011) =
42 11101. The xor is executed on a bit-per-bit basis.

Agosto 2008
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(HES === s
VHDL

Paralelismo : VHDL (Hw) versus Programagéao (Sw)

Sequential * Parallel: * Sequential:
(Process)
A <= B; Aux = A;

X B <= A; A = B;
B = Aux;

Parallel
(Concurrent)
Signal x Variable
> Signal > Variable
Parallel: Sequential

A <= B; Aux = A;
B <= A; A = B;
B = Aux;

43
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Example of a process using Variables Si g nal x Variable

architecture VAR of EXAMPLE is
signal TRIGGER, RESULT: integer := 0;
begin

process

variable variablel: integer :
variable variable2: integer

variable variable3: integer :

begin
wait on TRIGGER;
variablel := variable2;
variableZ2 variablel + variable3;
variable3 := variablel;

RESULT <= variablel + variableZ + variable3l;
end procsss;

end VAR

Example of a process using Signals

architecture SIGN of EXAMFLE is

signal TRIGGER, RESULT: integer := 0;
i=1;
signal signal2: integer :=2;

signal =signall: integer

signal signal3: integer :=3;
begin
process
begin
wait on TRIGGER;
signall <= signal2;
=ignal2 <= signall + =ignal3;
signal3 <= signal2;
RESULT <= signall + signal2 + signal3;
end process;
end SIGN;

a4
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Example of a process using Variables Si g nal x Variable

architecture VAR of EXAMPLE is

signal TRIGGER, RESULT: integer := 0;
begi“PmcEss In the first case (using variable), the variables
variable variablel: integer :=1; “variablel, variable2 and variable3” are
variable variable2: integer :=2; computed sequentially and their values
s variable variable3: integer :=3; updated instantaneously after the TRIGGER
egin ; ;
e — signal arrives.
variablel := variable2;
iable2 := izblel + iable3; . 2 "
e e e Next, the RESULT, which is a signal,
RESULT <= variablel + variable2 + wariab. is computed using the new values of the
en”:;“‘ PTOGSSS  RESULT=12 variables and updated a time delta after

TRIGGER arrives. This results in the
following values (after a time TRIGGER):

Example of a process using Signals

architecture SIGN of EXAMPLE is Var!ablel =2
signal TRIGGER, RESULT: integer := 0; variable2 = 5 (=2+3)
signal signall: integer :=1; variable3= 5.
signal =ignal2: integer :=.
signal signal3: integer :=
begin Since RESULT is a signal it will be computed
p———— at the time TRIGGER and updated at the
wait on TRIGGER; time TRIGGER + Delta.

signall <= signal2;
=ignal2 <= signall + =ignal3;
signal3 <= signal2; ] Its value will be RESULT=12.
RESULT <= signall + signal2 + signal3;
end process;
end SIGN;

USP - SCE-703 - 2008-2
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Example of a process using Variables S|gna| X Variab|e
architecture VAR of EXAMPLE is
signal TRIGGER, RESULT: integer := 0;
begin I On the other hand, in the second example,
v variable variablel: integer :=1; using signals, the signals will be computed
variable variable2: integer :=2; at the time TRIGGER.
variable variable3: integer :=3;
begin
wait on TRIGGER; All of these signals are computed at the
variablel := variable2; H i
variable2 := variablel + wvariable3; S.ame tlme’ Uslng the OId Values Of
variable3 := variable2; signall, 2 and 3.
RESULT <= variablel + variable2 + wvariab.
end process; ~ . ) )
end VAR e — All the signals will be updated at Delta time

Example of a process using Signals after the TRIGGER has arrived. Thus the
signals will have these values:

architecture SIGN of EXAMFLE is
signal TRIGGER, RESULT: integer := 0; . _
signal signall: integer :=1; S!gnall_ 2
signal =ignal2: integer Slgna|2= 4 (:1+3)

signal signal3: integer :=3; Signa|3: 2 and
begin

process

S RESULT=6.

wait on TRIGGER;
signall <= signal2;
=ignal2 <= signall + =ignal3;
signal3 <= signal2;
RESULT <= signall + signal2 + signal3;
end process;
end SIGN; RESULT=6
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VHDL

Behavioral Modeling: Sequential Statements

VHDL provides means to represent digital circuitslidferent levels of representation of abstragtion
such as the behavioral and structural modelinge ke will discuss different constructs for desaerii
the behavior of components and circuits in termseofuential statements.

The basis for sequential modeling is the process

The process construct allows us to model complgitadisystems, in particular sequential circuits.

Syntax:
[process_label:process| (sensitivity_list) ] |s]
[ process_declarations]
begin
list of sequential statements such a
signal assignments
variable assignments
case statement
exit statement
if statement
loop statement
next statement
null statement
procedure call
wait statement
end process [process_label];

2.VHDL - Linguagem

estruct.

S:

USP - SCE-703 - 2008-2

Proj. e Implem. de Sistemas Embarcados |
Prof. Fernando Osdrio

48

Agosto 2008

VHDL

Behavioral Modeling: Sequential Statements

Syntax:
[process_label:process| (sensitivity_list) ] |s]
[ process_declarations]
begin
list of sequential statements such &
signal assignments
variable assignments
case statement
exit statement
if statement
loop statement
next statement
null statement
procedure call
wait statement
end process [process_label];

2.VHDL - Linguagem

Example of a positive edge-triggered D flip-flap
with asynchronous clear input follows.

library ieee;
useieee.std_logic_1164.all;

S_entity DFF_CLEARIs
* port (CLK, CLEAR, D :in std_logic;
Q :out std_logic);
end DFF_CLEAR;

architecture BEHAV_DFF of DFF_CLEARis
begin
DFF_PROCESSprocess(CLK, CLEAR)
begin
if (CLEAR ='1") then
Q<=0
elsif (CLK" event andCLK = '1’) then
Q<=D;
end if;
end process;
end BEHAV_DFF;

24
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(IS4 e
VHDL library ieee;

useieee.std_logic_1164.all;

entity FULL_ADDER is

Example: Full-Adder composed of 2 Half-Adders  port (A, B, Cin :in std_logic;

Sum, Cout out std_logic);
emeememesesemenn | oeomeccnEemmERERGRRRCE . end FULL_ADDER,;

: ' architecture BEHAV_FA of FULL_ADDER is
5_ha : i | signalintl, int2, int3: std_logic;

Behavioral Modeling: Sequential Statements

P1:process(A, B)

B intz ! o it ‘Cout begin
5 T T 4D‘_r -- Process P1 that defines the first half adder

e g begin
intl<= A xor B;
Full Adder composed of two Half Adders, int2<= A and B;
modeled with two processes P1 and P2. end process;

-- Process P2 defines the second half adder and thdg

Example of ntial E tion: P1 => P2 : } .
xample of Sequential Executio P2:process(intl, int2, Cin)

HA1 begin

S_ha = (A xor B) Sum <= intlxor Cin;
C_ha=AB int3 <= intland Cin;
HA2 Cout <= int2or int3;
Sum = (A xor B) xor Cin = S_ha xor Cin end process;

49
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Cout = (A xor B).Cin+ A.B =S_ha.Cin + C_hal end BEHAV_FA,
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VHDL
Hierarchical Design

Example: 4-bit adder consisting of colt o
full adder modules %

-- Example of a four bit adder -- 4-bit adder
library ieee; library ieee;
use ieee.std_logic_1164.all; use ieee.std_logic_1164.all;
-- definition of a full adder ) )
entity FULLADDER is entity FOURBITADD is
port (a, b, cin std_logic; port (aZ b:l_n std_logl_c_vector(3 downto 0);
sum, carryout std_logic); Cin :in std_logic;
end FULLADDER; sum:out std_logic_vector (3 downto 0);

Cout, V:out std_logic);
architecture fulladder_behawf FULLADDER is || €nd FOURBITADD;

begin
%um <= (axor b)xor ¢ ; architecture fouradder_stru_cture of
carry <= (a and byr (c and (axor b)); FOURBITADD is

= endfulladder_behav;

Agosto 2008

end fouradder_structure;

OR
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-- 4-bit adder
library ieee;
use ieee.std_logic_1164.all;

entity FOURBITADD is
port (a, b:in std_logic_vector(3 downto 0);
Cin :in std_logic;
sum:out std_logic_vector (3 downto 0);
Cout, V:out std_logic);
end FOURBITADD;

architecture fouradder_structuref
FOURBITADD is
signalc: std_logic_vector (dlownto 0);
componentFULLADDER
port (a, b, cin std_logic;
sum, carryout std_logic);
end component;
begin
FAQO: FULLADDER
port map (a(0), b(0), Cin, sum(0), c(1));
FA1l: FULLADDER

FA2: FULLADDER
FA3: FULLADDER

V <= c(3)xor c(4);

port map (a(1), b(1), C(1), sum(1), c(2));
port map (a(2), b(2), C(2), sum(2), ¢(3));

port map (a(3), b(3), C(3), sum(3), c(4));

2.VHDL - Linguagem

b Al b b1}
b a b
FA FA
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-- Example of a four bit adder
library ieee;
use ieee.std_logic_1164.all;
-- definition of a full adder
entity FULLADDER is

port (a, b, cin std_logic;

sum, carryout std_logic);

end FULLADDER;

architecture fulladder_behawf FULLADDER is
begin

sum <= (axor b) xor ¢ ;

carry <= (a and byr (c and (axor b));

Cout <= c(4); endfulladder_behav;
end fouradder_structure;

USP - SCE-703 - 2008-2
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VHDL Test Benches

e Testing a design by simulation
e Use atest bench model

- An architecture body that includes an instance of
the design under test

- Applies sequences of test values to inputs

- Monitors values on output signals
e either using simulator
e or with a process that verifies correct operation

52
Agosto 2008

26



USP - SCE-703 - 2008-2

Proj. e Implem. de Sistemas Embarcados | 2 . VH D L - L|nguagem

Prof. Fernando Osdrio

VHDL entity test_bench is
end entity test_bench;

Test Bench

Example architecture test reg4 of test_bench is

signal doO, d1, d2, d3, en, clk, g0, g1, g2, q3: bit;
begin
dut : entity work.reg4(behav)
port map (dO, d1, d2, d3, en, clk, g0, q1, g2, q3);
stimulus : process is
begin
do<="1"; dl<="1,; d2<="1"; d3 <="1"; waitfor 20 ns;
en <='0"; clk <='0"; wait for 20 ns;
en <="1"; wait for 20 ns;
clk <="1"; wait for 20 ns;
d0<="0"; dl1<='0; d2<="0"; d3 <='0"; wait for 20 ns;
en <='0"; wait for 20 ns;

wait ;
end process stimulus;

s end architecture test_reg4;

Agosto 2008
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VHDL Test Benches

Regression Testing

e Test that a refinement of a design is correct

- that lower-level structural model does the same as a
behavioral model

e Test bench includes two instances of design under test
- behavioral and lower-level structural
- stimulates both with same inputs
- compares outputs for equality

e Need to take account of timing differences

54
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VHDL
) architecture regression of test_bench is

Regression signal do, d1, d2, d3, en, clk : bit;
Test signal g0a, qla, g2a, q3a, q0b, qlb, g2b, g3b : bit;
Examgle begin
dut_a: entity work.reg4(struct)

port map (dO, dl, d2, d3, en, clk, q0a, qla, g2a, g3a);
dut_b : entity work.reg4(behav)

port map (dO, d1, d2, d3, en, clk, qOb, qlb, g2b, g3b);
stimulus : process is
begin

do<="1"; dl<="1,; d2<="1"; d3 <="1"; waitfor 20 ns;

en <='0"; clk <='0’; wait for 20 ns;

en <="1"; wait for 20 ns;

clk <="1"; wait for 20 ns;

wait ;
end process stimulus;
Cont...
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VHDL

Regression
Test

Example

verify : process is
begin
wait for 10 ns;
assert q0a = q0Ob and gla = glb and g2a = qg2b and g3a = q3b
4_{; report "implementations have different outputs”
severity error;
wait on d0, d1, d2, d3, en, clk;

end process verify;

end architecture regression;

56
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VHDL
Exemplos

> Ver referéncias...
Sugestédo de Atividade

> Tutorial Interativo da ALDEC sobre VHDL

57
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VHDL x Verilog*

VHDL Verilog
All abstraction levels All abstraction levels
Complex grammar Easy language
Describe a system (everything) Describe a digital system
Lots of data types Few data types
User-defined package & library No user-defined packages
Full design parameterization Simple parameterization

Easier to handle large designs

Very consistent language. Code written | Less consistent language. If you don't

and simulated in one simulator will follow some adhoc methodology for
behave exactly the same in another coding styles, you will not get it right.
simulator. E.g. strong typing rules.
* Comparison according to: It EXGCUteS dlfferently on dlffel’ent
o8 Dr. Gabor Hossz( platforms unless you follow some adhoc

http:/nimrud.eet.bme.hu/cae/ppt/2vhdl/lintro.ppt | coding rules.

Agosto 20
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VHDL x Verilog*

e [t does seem that Verilog is easier for designing at the
gate-level, but that people who do higher level simulations express a
preference for VHDL
e VHDL places constraints on evaluation order that limit the
optimizations that can be performed
- Verilog allows the simulator greater freedom
- For example, multiple levels of zero-delay gates can be collapsed into a
single super-gate evaluation in Verilog
- VHDL requires preserving the original number of delta cycles of delay
in propagating through those levels

VHDL Verilog

In Europe the VHDL is the most popular

language

Based on Pascal language Based on C language

Most FPGA design in VHDL Most ASIC design in Verilog

59
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* Comparison according to: Dr. Gabor Hosszitp://nimrud.eet.bme.hu/cae/ppt/2vhdl/lintro.ppt
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HDL - Referéncias

Aldec
Tutorials: VHDL, Verilog, SystemC HDL - Hardware Description Languages
Software : Active-HDL Student Edition (Free) History and Languages

http://www.aldec.com/Downloads/default.aspx http://en.wikipedia.org/wiki/Hardware_description_l anguage

VHDL: On-Line Material

> Introdug&o a Linguagem VHDL - Luis Henrique Costa / UFR]
http://www.gta.ufrj.br/ensino/EEL480/Introducao-VHD L.ppt

> VHDL Quick Start - Peter Ashenden / Univ. of Adelade
http://www.ashenden.com.au/designers-guide/VHDL-quk-start.pdf

> Introduction to VHDL - M. Balakrishnan / IIT Delhi
http://www.cse.iitd.ernet.in/~mbala/csI316/slides(Sec6.ppt)

> VHDL Tutorial - ESE201 / UPENN
http://www.seas.upenn.edu/~ese201/vhdl/vhdl_primémtml

> VHDL Tutorial On-Line
http://www.vhdl-online.de/~vhdl/tutorial/
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HDL - Referéncias
VHDL: On-Line Material

> VHDL Class
http://web.cecs.pdx.edu/~mperkows/CLASS_VHDL/indextml

> RASSP - DARPA Rapid Prototyping of Application Speific Signal Processors (RASSP)
http://www.eda.org/rassp/

> VHDL Tutorial: Learn by Example - Weijun Zhang
http://esd.cs.ucr.edu/labs/tutorial/

> VHDL Faq
http://www.vhdl.org/comp.lang.vhdl/FAQ1.html

=> Disciplina SCE 0703 - Ver Material Complementar! http://www.icmc.usp.br/~fosorio/
VHDL: Referéncias

> Digital Fundamental with VHDL - Floyd (Biblioteca)

> Projeto e Prototipagdo de Sistemas Digitais - Luigi O@o (Biblioteca)

> VHDL Intro - Eduardo Simdes

That's all folks!
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Ferramentas: Altera - Quartus, NIOS Il, Cyclone Dev-Kit

Web disciplina: Http://www.icmc.usp.br/~fosorio/

> Programa, Material de Aulas, Crit érios de Avalia ¢ao,

> Material de Apoio, Trabalhos Pr aticos
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