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Exemplo de Circuito Aritmético —
Somador Binario de 4 bits
* Entity

entity Adder4 is
port (operand0 : in std logic vector (3 downto 0);
operandl : in std logic vector (3 downto 0);
result : out std logic vector (3 downto 0));
end Adder4;

4 T
7‘» operand0

> + result 7‘»

7‘» operand1




Somador Binario de 4 bits

 Architecture

— Diversas abordagens de modelacao possiveis em
VHDL

* Instanciar e interligar as portas logicas
necessarias (estrutural)

* Escrever as equacoes logicas para cada saida

* Escrever a expressao aritmética da saida

Vamos apresentar e analisar as diversas

abordagens, com énfase na ultima das trés...
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> + result

operand1
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Modelacao Estrutural do Somador
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Abordagem da parte | do guiao pratico 3: modelar em VHDL um Full Adder de 1
bit (Entity FullAdder + Architecture contendo as equagdes
|6gicas); instanciar e interligar 4 FullAdder para construir um somador de 4
bits (Entity Adder4 + Architecture).

TPC: modelar o somador de 4 bits num unico ficheiro (Entity Adder4 + :
Architecture) através das equagdes logicas. i



Modelacao Comportamental do
Somador (sem Carry In/Out)

library IEEE; Recomendacgdo: usar sempre
use IEEE.STD LOGIC 1164.all; std_]_ogj_c (_vector)
use IEEE.NUMERIC STD.all; nos portos da entidade

entity Adder4 is
port (operand0 : in std logic vector (3 downto 0);
operandl : in std logic vector (3 downto 0);
result : out std logic vector (3 downto 0));
end Adder4;

architecture Behavioral of Adder4 is
begin
result <= std logic vector (unsigned(operandQ) +
unsigned (operandl)) ;

end Behavioral; Convers3o entre tipos:
Para que serve a biblioteca std logic vector(..) e unsigned(..)
IEEE.NUMERIC_STD?
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Adicao da Saida Carry Out

library IEEE;

use IEEE.STD LOGIC 1164.all; \

use IEEE.NUMERIC STD.all; 4

entity Adder4 is
port (operand0
operandl

result

carryOut :

end Adder4;

74» operandO

carryOut —»

in std logic_vector (3 downto 0); 4
in std logic_vector (3 downto 0); > + result ;.
out std logic_vector (3 downto 0);

out std logic); 4

7‘» operand1

architecture Behavioral of Adder4 is /////,////

signal s _operand0, s operandl, s_result : unsigned(4 downto 0);

begin
s_operand0 <=
s_operandl <=
s_result <=
result <=
carryOut <=
end Behavioral;

Operador “&” —

'0' & unsigned (operand0) ; concatenagéo/
'0' & unsigned(operandl) ; . . o
s_operand0 + s_operandl; JUStapOSl(;aO
std logic_vector(s_result(3 downto 0));

std logic(s_result(4)); -- std logic(...) opcional

Definicdo formal dos tipos unsigned e signed de VHDL em IEEE . NUMERIC STD:
type unsigned is array (natural range <> ) of std logic;
type signed is array (natural range <> ) of std logic;

TPC: O que seria necessario fazer para incluir também um “carryln”?
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Outros Operadores Aritméticos
e Logicos (ALU de 4 bits)

use IEEE.STD LOGIC 1164.all;
use IEEE.NUMERIC STD.all;

library IEEE;

entity ALU4 is
port (operation:
operand0
operandl
result
multHi
end ALU4;

000
001
010
011
100
101
110
111

4 ALU4
+> operand0 4
MUltH] i
in std logic vector (2 downto 0); 4 result +>
in std logic_vector (3 downto 0); +> operand1 4

in std logic_vector (3 downto 0); operation
out std logic vector (3 downto 0);

\

3

out std logic vector (3 downto 0));

rem
and
or

Xor

A saida result disponibiliza o
resultado da operacao realizada.

No caso das multiplicacdes, os 4
bits mais significativos do resultado
sao disponibilizados em multHi.
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architecture Behavioral of ALU4 is :
si;nal ls:l_multRe‘srl: std_logic_vlctor(? downto 0); Arq u Itet u ra d a

begin
s multRes <= std logic_vector (unsigned (operand0) ¥* ALU de 4 bitS
unsigned (operandl)) ;
process (operation, operand0, operandl, s_multRes)

begin - ~ .. . . ~
g Utilizacao de sinais numa arquitetura para comunicagao entre

case operation is varios “blocos funcionais” (processos e atribuigdes concorrentes).
when "000" =>

result <= std logic_vector (unsigned(operand0) + unsigned(operandl)) ;
when "001" =>

result <= std logic_vector (unsigned(operand0) - unsigned(operandl)) ;
when "010" =>

result <= s multRes (3 downto 0) ;
when "011" =>

result <= std logic_vector (unsigned(operand0) / unsigned(operandl)) ;
when "100" =>

result <= std logic_vector (unsigned (operand0) rem unsigned (operandl)) ;
when "101" =>

result <= operand0 and operandl;
when "110" =>

<=

result

Assumindo:
Operand0 = "0100" eOperandl = "1110"
Determine manualmente em decimal o resultado de

operand0 or operandl; cada operacdo. Simule e compare os resultados.

when others =>

result <= operand0 xor operandl; Nesta implementacdo perde-se o carry/borrow out
end case; do bit 3 da “+” e “-”. Proponha uma solucao.
end process;
multHi <= s multRes (7 downto 4) when (operation = "010") else (others => '0');

end Behavioral;

Universidade
de Awveiro



Implementacao da
ALU Gerada pelas =
Ferramentas de
Compilacao
(sintese)

architecture

s_multRes <= std_logic_vector (unsigned (operand0) *

process (operation, operand0, operandl, s_multRes)

4
/

operand| =

Behavioral of ALU4 is

unsigned (operandl)) ;

begin
case operation is
when "000" =>
result <= std_logic_vector (unsigned (operand0) +
unsigned (operandl)) ;
when "001" =>
result <= std_logic_vector (unsigned (operand0) -
unsigned (operandl)) ;
when "010" =>
result <= s multRes (3 downto 0)
when "011" =>
result <= std_logic_vector (unsigned(operand0) /
unsigned (operandl)) ;
when "100" =>
result <= std_logic_vector (unsigned (operand0) rem

unsigned (operandl)) ;

operation

O
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Implementacao da | 0— |
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end process; | 'c% 9 0 |
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architecture Behavioral of ALU4 is O p e ra ga e S CO m

signal s multRes : std logic vector (7 downto 0);
begin .
s multRes <= std logic_vector (signed (operand0) * Q t d d
signed (operandl)) ; u a n I a e S
process (operation, operand0, operandl, s _multRes)

begin E;' (j
c:se operation is Ig n e

when "000" =
result <= std logic_vector (signed (operand0) + signed(operandl)) ;
when "001" =
result <= std logic_vector (signed(operand0) - signed(operandl)) ;
when "010" =
result <= s multRes (3 downto 0);
when "011" =
result <= std _logic_vector(signed(operand0) / signed(operandl));
when "100" =
result <= std logic_vector (signed (operand0) rem signed(operandl)) ;
when "101" =
whenrf?ll;:' - operand and operandl; Adicoes e subtracdes de quantidades
result <= operand0 or operandl; com ou sem sinal representadas em
when others => complemento para 2 sdo realizadas da
result <= operand0 xor operandl; mesma forma. O mesmo nao acontece
end case; com as multiplicacoes e divisoes!

end process;

multHi <= s multRes (7 downto 4) when (operation = "01l0") else (others => '0');
end Behavioral;

Assumindo: Operand0 = "0100" eOperandl = "1110"
Determine manualmente em decimal o resultado de cada operagao. Simule e compare os resultados.

=
N
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Comparadores em VHDL

library IEEE;

use IEEE.STD LOGIC_1164.all;

use IEEE.NUMERIC STD.all;

entity Cmp4 is
port (operand0
operandl

equal
notEqual
ltSigned

ltUnsigned :

end Cmp4;

in
in
out
out
out
out

architecture Behavioral of

begin
equal <=

notEqual <=

ltSigned <=

ltUnsigned <=

end Behavioral;

|1|

IOI;

‘1
0
1
0
1
0

when

when

when

when

Comparador de 4 bits
=, #, < (com e sem sinal)

std logic_vector (3 downto 0);
std logic_vector (3 downto 0);

operand0 notEqual
std logic; c \ S
- 4 |ItSigned
std_logic; mp . @ni
std logic; operand1 [tUnsigned
std _logic);

Assumindo:
Operand0 = "0100"
Operandl = "1110"

Cmp4 is
(operand0 = operandl) else
(operand0 /= operandl) else cadatxnnparagao.

(signed (operand0) < signed(operandl)) else

(unsigned (operand0) < unsigned (operandl)) else

Determine o resultado de

13
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Exemplo de Motivacao dos
Componentes Parametrizaveis

Adder4

operand0
carryOut

> + result

operand1

E=A+B (4 +4 bits = 5 bits)
F=C+ D (4 + 4 bits = 5 bits)
G =E + F (5 + 5 bits = 6 bits)

/

Adder5

operand0

operand1

P
operand0
F
carryOut 2
> + resultq

D 7‘» operand1

/

carryOut [

> + result 7‘>

Passos de modelacao com
componentes convencionais (sem
utilizar componentes
parametrizaveis):
— Modelar somador de 4 bits
(Adder4.vhd)

— Modelar somador de 5 bits
(Adder5.vhd)

— Instanciar 2 somadores de 4 bits, 1
somador de 5 bits e interliga-los (e.g.
TripleAdder.vhd)

E se no mesmo ou noutros projetos
fossem utilizados somadores com
outras dimensoes?

— Teriamos de possuir um modulo para
cada dimensao do somador?

3¢

14



Somador de 5 bits com Carry Out
T

library IEEE;

use IEEE.STD LOGIC 1164.all;
use IEEE.NUMERIC STD.all; 5

entity Adder5 is
port (operand0
operandl

result

carryOut :

end Adder5;

architecture Behavioral of Adder5 is

signal s _operand0, s operandl, s_result :

begin
s_operand0 <=
s_operandl <=
s_result <=
result <=
carryOut <=
end Behavioral;

— >

in std logic_vector (4 downto 0);

in std logic_vector (4 downto 0); :> + result:

out std logic vector (4 downto 0);
out std logic); 5

—

'0' & unsigned (operand0) ;

'0' & unsigned(operandl) ;

s_operand0 + s _operandl;

std logic_vector(s_result(4 downto 0));
std logic(s_result(5));

operand0

carryOut ——»

operand1

,//’///////

unsigned (5 downto 0);

Modelo semelhante ao Adder4 diferindo apenas na dimensao dos vetores!

=
(92

Universidade
de Awveiro



Instanciacao e Ligacao dos Somadores

adde;_l:

adde;_2:

adder 3.:

Convencionais

entity WORK.Adder4 (Behavioral)

port map (operand0 => A,
operandl => B,
result => E(3 downto 0),
carryOut => E(4)); 4

entity WORK.Adder4 (Behavioral)

port map (operand0 => C,
operandl => D,
result => F(3 downto 0), 4
carryOut => F(4));

entity WORK.Adder5 (Behavioral)

port map (operand0 => E,
operandl => F,

=> G,

carryOut => open) ;

result

E, F —sinais (5 bits)

G —sinal ou porto de saida (5 bits)

Adder4

operand0
carryOut

> + result

operand1

| —dgor 1

Adder4

operand0
carryOut

> + result1

operand1

Adder5

operand0
carryOut

> + result

operand1

o2

e s

A, B, C, D —sinais ou portos de entrada (4 bits)

=
(0)]
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Componentes Parametrizaveis
(em VHDL)

e Oquesao?

— Componentes em gue algumas das suas carateristicas podem ser

especificadas (especializadas) aquando da sua instanciacao (e.g. numero de
bits de um somador, multiplexador, etc.)

* Para que servem?

— Evitar bibliotecas “enormes” com todas as especializacdes e variantes

possiveis de todos os componentes standard (e.g. somadores de 1, 2, 3, ..., 30,
31, 32, ... bits)

e Como fazer?

— Criacao do componente (em VHDL) — descrever o comportamento e estrutura

genérica do componente baseada em generic constants (ou parametros)
definidos na interface do componente (entity)

— Utilizacao do componente

* Em VHDL - instanciar o componente, ligando os portos e atribuindo
valores concretos as generic constants

* Em diagramas logicos — definir um simbolo, instanciar o componente e
definir valores concretos para os parametros

Universidade
de Avairo
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Somador de “N” bits com Carry Out

library IEEE;

use IEEE.STD LOGIC_1164.all;

use IEEE.NUMERIC_STD.all;

entity AdderN is
generic (N
port (operandO
operandl
result
carryOut
end AdderN;

architecture Behavioral of AdderN is

positive = inteiro positivo

: positive := 4); Valor por omissao do generic - Util apenas para facilitar a simulagao
in std _logic_vector(N - 1 downto 0);
in std _logic_vector(N - 1 downto 0);
out std logic_vector (N - 1 downto 0);
out std logic); \\\\\\\\\\\

AdderN

N
+> operand0

carryOut —»

> + result +>

signal s _operand0, s _operandl, s _result : unsigned(N downto 0); N

begin
s_operand0 <=
s_operandl <=
s_result <=
result <=
carryOut <=
end Behavioral;

+> operand1

'0' & unsigned (operand0) ; (N:positive)
'0' & unsigned (operandl) ;

s_operand0 + s_operandl;

std logic_vector(s_result(N - 1 downto 0));

std logic(s_result(N));
Implementacao em fungao de “N”,
com “N” definido em compile time

=
(0]
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Instanciacao e Ligacao dos Somadores
Parametrizaveis (em diagrama logico)

Parameter Value Type

- N 4 Signed Integer

IR
E[3.01- - - Parameter Value Type
N 5 Signed Integer

VCC T Ble. 0]

operandO[n-1..0] result[n-1..0]
operandi[n-1..0] carry Out

| adder_1 Coo o T T Adden

operando[n-1..0] result[n-1.0] :

Parameter Value Type

C N 4 Signed Integer ZZF[4Z.0]ZZ§
|- - - i adder_3

O o f< S ] I
S
“| ..................... BT [3..0]. . §
VCC :

operandO[n-1..0] result[n-1..0]
operandi[n-1..0] carry Out

der

A, B, C, D — sinais ou portos de entrada (4 bits)
E, F —sinais (5 bits)
G —sinal ou porto de saida (5 bits)

Universidade
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Instanciacao e Ligacao dos Somadores
Parametrizaveis (em VHDL)

adder 1: entity WORK.AdderN (Behavioral)

generic map (N => 4) Atribuicao “obrigatdria” de um valor concreto ao generic “N”
ort map (operand0 => A
P p (op ’ 4 7GEQT\\
Portos operandl => B, A74> operand0
do Somador result => E (3 downto 0) ’ carryOut 4
carryOut => E(4)); > + result] E
4 —
adder 2: entity WORK.AdderN (Behavioral) B =% operand1 > | AdderN
- . y operand0
generic map (N => 4) adder 1 carryOut (-
port map (operand0 => C, > + result {—gp
operandl => D, — 5 G
result => F(3 downto 0), 4 | AdderN operand1
_ . c 74> operand0 N=>5
carryOut => F(4)); carryOut |——@F ,/5&;;;
> + result;
adder 3: entity WORK.AdderN (Behavioral) .
generic map (N => 5) D 7@ operand1
ort map (operand0 => E N=>4
P P (op ' | s
operandl => F,
result = G, A, B, C, D —sinais ou portos de entrada (4 bits)

E, F —sinais (5 bits)

carryOut => open) ;
Y P G —sinal ou porto de saida (5 bits)

N
o
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Comparador Parametrizavel de N bits

library IEEE;
use IEEE.STD LOGIC 1164.all;

entity EqCmpN is
generic(size : positive := 8); Valor por omissao do generic
port(dataIn0 : in std logic_vector((size - 1) downto 0);
dataInl : in std logic vector((size - 1) downto 0);
equOut : out std logic);
end EqCmpN; size

data|n0+> equout
size
architecture Behavioral of EqCmpN is dataln

begin
equOut <= 'l' when (dataIn0 = dataInl) else
IOV;

] TPC: Substitua o comparador fixo de 4 bits do trabalho pratico
end Behavioral; 1, por uma instanciacdo deste comparador parametrizavel

(com size = 4).Implemente e teste no kit DE2-115.

ersidade
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Mux 2—1 Parametrizavel de N bits

library IEEE;
use IEEE.STD LOGIC 1164.all;

entity Mux2N is

generic(size : positive := 8); Valor por omissao do generic
port(selection : in std logic;
dataInO : in std logic vector((size - 1) downto 0);
datalInl : in std logic vector((size - 1) downto 0);
dataOut : out std logic vector((size - 1) downto 0));
end Mux2N; _
Size
dataln0 size
architecture Behavioral of Mux2N is size dataOut
. dataln1
begin
dataOut <= dataInl when (selection = '1’) else ot
seleclion
datalInO;

end Behavioral;

Universidade
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Comentarios Finais

No final desta aula e do trabalho pratico 3 de LSD, devera ser capaz
de:

— Descrever componentes com operacoes aritméticas simples (+, =, *,
/, rem)

— Usar adequadamente as bibliotecas e os tipos
std logic(_vector), signed e unsigneddo VHDL e as
respetivas funcoes de conversdo entre tipos

— Modelar comparadores (<, =, #, >; signed e unsigned)
— Usar adequadamente sinais numa arquitetura

.. bom trabalho pratico 3, disponivel no site da UC ©
— elearning.ua.pt

Os componentes parametrizaveis serao objeto de estudo no
trabalho pratico 5
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