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Representacao de Numeros Negativos
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b b- b: b Sinal Complemento | Complemento
32 E 0 Magnitude de 1 de 2
0111 +7 7 +7
0110 +6 6 +6
0101 +5 5 +5
0100 +4 4 +4
0011 +3 3 +3
0010 +2 2 +2
0001 +1 1 +1
0000 +0 0 0
1000 -0 -7 -8
1001 -1 -6 -7
1010 -2 -5 -6
1011 -3 -4 -5
1100 -4 -3 -4
1101 -5 -2 -3
1110 -6 -1 -2
1111 -7 -0 -1

Table 5.2 Interpretation of four-bit signed integers
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Representacdao Sinal Magnitude

bp_1 b, bo

T Magnitude

MSB
(a) Unsigned number
by_1 bp_> by by
® 060
Sign 1 Magnitude
0 denotesr
1 denotes- MSB

(b) Signed number

Figure 5.8 Formats for representation of integers



Representacao de Numeros Negativos
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« Sinal e Magnitude
— 1 bit de signal, N-1 bits de magnitude

— O bit de sinal € o mais significativo (mais a esquerda)
« Numero negativo: 1
« Numero positivo: 0

— Exemplo, representacao de £ 5 com 4-bit:
-5=1101,
+5=0101,

— Intervalo de um numero N-bit sinal/magnitude:

[_(2N—1 -1 ), 2N—1 -1 ]



Adicao e Subtracao Sinal e Magnitude
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« Exemplo: -5+ 5

1101
+ 0101
10010

* Duas representacoes para 0 (£ 0):

1000
0000



Representacao de Numeros Negativos
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Complemento de 1 (K,)

Em complemento de “Um” o numero negativo K,;, com n-bits, e
obtido subtraindo seu positivo P de 2" - 1

K,=(2"=1)-P

Exemplo: se n = 4 entao:

K,=(24=1)-P P=7->K=7

K=(16-1)-P 7 =(0111),

K,= (1111), - P -7 =(1111), - (0111),
-7 = (1000),



Representacao de Numeros Negativos
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« Complemento de 1 (K,)
— Regra Pratica

A
Il

(Pn-1 ... Po)



Representacao de Numeros Negativos
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Complemento de 2 (K,)

Em complemento de “Dois” o numero negativo K, com n-bits, &
obtido subtraindo seu positivo P de 2"

Exemplo: se n =4 entao:

K,=24—P P=7->K,=?
K,=16 - P 7 =(0111),
K, = (10000), - P -7 = (10000), - (0111),

-7 = (1001),



Representacao de Numeros Negativos
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« Complemento de 2 (K,)
— Regra Pratica

K,=2"-P —) K,=(2"-1)+1-P
K,=(@2"-1)-P +1
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Representacao de Numeros Negativos
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« Complemento de 2 (K,)

— Maior numero positivo de 4-bit: 0111, (7,)
— Maior nimero negativo de 4-bit: 1000, (-23= -8,,)

— O most significant bit também indica o sinal (1 = negativo, 0 =
positivo)

— Intervalo de um nimero de N-bit: [-2N-1, 2N-1-1]
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(+5)
+ (+2)

(+7)

(+5)
+ (2)

(+3)

Adicao em K,

0101
+0010

0111

+

- O
-
- O
(@ QN

—_—
o
o
—_
—_

ignore

(-5)
+ (+2)

(=3)

(=9)
+ (2

(=7)

1011
+0010

1101

— —
= O

1
1

(@ QN

+

11

A
|

)

01

ignore

Figure 5.10 Examples of 2’s complement addition
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(+95)
- (2
(+7)

(=5)
)

(=3)

Subtra¢cdao em K,

(+5) 0101 0101
—(+2) -0010 —> +1110
0101 0101 — —_—
-1110 —> +0010 (+3) 10011
0111 |
ignore
111 o (-5) 1011 1011
-1110 —> +0010 —
- —(+2) -0010 —> +1110
1101 E— E—
(=7) 1100 1
A
|
ignore

Figure 5.11 Examples of 2°s complement subtraction
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Half-adder
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X 0 0 1
+y +0 +1 +0

00 01 01

Ccs
Carry—1 L Sum

(a) The four possible cases

C

— >+
-

(c) Circuit

1 Carry  Sum
43 Xy %
LD 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0

(b) Truth table

X ———| — 5

HA

y—a e

(d) Graphical symbol
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Somador com Half-adder
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X —™ A S - HA < Dﬁ
Yi — ™ <

(a) Block diagram
T ) >
Yi ID_. DT[>
)
|/

(b) Detailed diagram

Figure 5.5 A decomposed implementation of the full-adder circuit



Full-adder

IC-UNICAMP
c. Xx. V. ¢ Ly 5, Xi¥;
Ci 00 01 11 10
o 0 0 0 0 0 1 1
0o 0 1 0 |
g 1 O 0 1 1 1 1
0 1 1 1 {
1 O 0 { 1 _
S:.{ = X. XOry. Xor cC.
10 1 1 0 1+1 1 yl 1
11 0 1 0 Xy
L1 1 1 L 00 01 11 10
0 : |
Af .
Y :}j ; s 1 : Ol s Y s |
Cj Civ1 = XY+ X0+ YG

—37 (b) Karnaugh maps
| =1l
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S Full-adder (VHDL)
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LIBRARY ieee ;
USE ieee.std logic 1164.all ;

ENTITY fulladd IS
PORT ( Cin, x, y : IN STD LOGIC ;
s, Cout : OUT STD LOGIC ) ;
END fulladd ;

ARCHITECTURE LogicFunc OF fulladd IS
BEGIN

s <= x XOR y XOR Cin ;

Cout <= (x AND y) OR (Cin AND x) OR (Cin AND vy)
END LogicFunc ;

Figure 523 VHDL code for the full-adder

°
14
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Full-adder Package (VHDL)
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LTIBRARY ieee ;
USE ieee.std logic 1164.all ;

PACKAGE fulladd package IS
COMPONENT fulladd
PORT (Cin, x, y : IN STD LOGIC ;
s, Cout : OUT STD LOGIC ) ;
END COMPONENT ;
END fulladd package ;

Figure 525 Declaration of a package



Somador Ripple Carry

IC-UNICAMP

« Atraso para um somador de n bits:

t

ripple =

N,

Onde t-, € o atraso de um full adder
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4-bit Ripple Carry Adder (sinais)

LIBRARY ieee ;
USE ieee.std logic_1164.all ;
USE work.fulladd package.all ;

ENTITY adder4 IS

PORT ( Cin : IN STD_LOGIC ;
x3, x2, x1, x0 : IN STD LOGIC ;
y3, y2, yl, yO : IN STD LOGIC ;
s3, s2, sl1, sO : OUT STD_LOGIC ;
Cout : OUT STD_LOGIC ) ;

END adder4 ;

ARCHITECTURE Structure OF adder4 IS

SIGNAL cl, c2, c¢3 : STD_LOGIC ;
BEGIN

stage0: fulladd PORT MAP ( Cin, x0, yO, sO, cl1 ) ;

stagel: fulladd PORT MAP ( cl, x1, yl1l, s1, c2 ) ;

stage2: fulladd PORT MAP ( c2, x2, y2, s2, c3 ) ;

stage3: fulladd PORT MAP (

x => x3, y => y3, Cin => ¢3, Cout => Cout, s => s3 ) ;

END Structure ;

Figure 5.26 Using a package for the four-bit adder
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4-bit Ripple Carry Adder (vetores)
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LIBRARY ieee
USE ieee.std logic 1164.all ;

.
14

USE work.fulladd package.all ;

ENTITY adder4 IS

STD_LOGIC_VECTOR (3 DOWNTO O0)

OUT STD LOGIC_VECTOR (3 DOWNTO 0)

PORT (Cin : IN STD_LOGIC ;
X, Y - IN
S :
Cout : OUT STD LOGIC )
END adder4

ARCHITECTURE Structure OF adder4 IS
STD_LOGIC VECTOR(1l TO 3) ;

SIGNAL C

BEGIN

stageO:
stagel:
stage2:

stage3:

fulladd PORT MAP
fulladd PORT MAP
fulladd PORT MAP
fulladd PORT MAP

END Structure ;

( Cin,

( C(1),
( C(2),
( C(3),

.
14

X(0), ¥(0),
X(1), ¥(1),
X(2), ¥(2),
X(3), ¥(3),

S(0),
S(1),
S(2),
S(3),

Figure 527 A four-bit adder defined using multibit signals

.
4

.
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C(1) )
C(2) )
C(3) )
Cout )

.
14

.
14

.
14

.
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Descrigao Comportamental
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LIBRARY ieee ;
USE ieee.std logic 1l164.all ;
USE ieee.std logic signed.all ;

ENTITY adderl6 IS
PORT ( X, ¥ : IN STD LOGIC_ VECTOR (15 DOWNTO O0)

o
14

S : OUT STD LOGIC_VECTOR (15 DOWNTO 0) )

END adderlé6é ;

ARCHITECTURE Behavior OF adderl6é IS
BEGIN

S <=X+Y ;
END Behavior ;

Figure 528 VHDL code for a 16-bit adder

3
14
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Somador/Subtrator
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Ko = (Ppyq .. Po) +1=Ki(P)+ 1

yn—1 y1 yO
.o e - Aldd/Sub
‘ ‘ control
Xn_1 X1 XO Q e e o v
L | A | \/ | L \
Cph n-bit adder /L Co
Sh-1 S So

Figure 5.13 Adder/subtractor unit
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Overtlow (Soma)
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- A+B
— sign(A) = sign(B): overflow possivel
— sign(A) * sign(B): overflow impossivel

0000

111 0001

(=7) 1001
+ (+2) +0010

(-5) 1011




Overtlow (Subtracao)

« A-B=A+(-B), reduz a soma

— sign(A) = sign(B): overflow impossivel
— sign(A) *# sign(B): overflow possivel

(+7) (+7) 0111
- (+2) + (—2) +1110
(+5) (+5) 10101
(=7) (-7) 1001

- (+2) +(-2) +1110
(-9) -9) 10111




Resumo Overtlow

0 x..
+ 1 Xx..

0 Xx..
+ 1 Xx..

10 x..

0 x..
+ 0 Xx..

IC-UNICAMP

A B S=A+B OV
+ - + 0
+ - - 0
- + + 0
- + - 0
+ + + 0
+ + - 1
T
- - - 0

Vv

C.(S) xor C_(S)

01 x..

1 X..
+ 1 X..

01x..

0 x..
+ 0 Xx..

0 0 x..

1 X..
+ 1 X..

10 x..

11x..
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Overtlow em K,
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(+7) 0111 (—=7) 1001
+ (+2) + 0010 + (+2) +0010
(+9) 1001 (-9) 1011
C4=O Cqp =
c3 = 1 c3=0
(+7) 0111 (—=7) 1001
+ (—=2) +1110 + (=2) +1110
(+5) 10101 (-9) 10111
Cy = 1 Cy = 1
C3=1 C3=O

Figure 5.14 Examples of determination of overflow
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4-bit Ripple Carry Adder (vetores)
+ overtlow
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LIBRARY ieee

USE ieee.std logic 1164.all ;

.
14

USE work.fulladd package.all ;

ENTITY adder4 IS

PORT (Cin : IN STD_LOGIC ;
X, Y : IN STD LOGIC_ VECTOR (3 DOWNTO O0)
S OUT STD LOGIC VECTOR (3 DOWNTO O0)

Cout, Overflow

END adder4 ;

OUT STD_LOGIC )

ARCHITECTURE Structure OF adder4 IS
STD_LOGIC VECTOR(1l TO 4) ;

SIGNAL C
BEGIN
stageO:
stagel:
stage2:
stage3:

fulladd PORT MAP
fulladd PORT MAP
fulladd PORT MAP
fulladd PORT MAP

( Cin,

( C(1),
( C(2),
( C(3),

Overflow <= C(3) XOR C(4) ;
Cout <= C(4) ;
END Structure ;

X(0), ¥(0),
X(1), ¥(1),
X(2), ¥(2),
X(3), ¥(3),

.
4

S(0),
S(1),
S(2),
S(3),

.
4

.
14

C(1) )
C(2) )
C(3) )
C(4) )

.
14

.
7

.
7

.
14



Descrigao Comportamental
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LIBRARY ieee ;
USE ieee.std logic 1l164.all ;
USE ieee.std logic_signed.all ;

Como 1ncluir overtlow?

ENTITY adderl6 IS

PORT ( X, Y
S

END adderlé6é ;

IN STD LOGIC_VECTOR (15 DOWNTO 0) ;

OUT STD LOGIC_ VECTOR (15 DOWNTO 0) )

ARCHITECTURE Behavior OF adderlé IS
BEGIN

S<=X+Y

END Behavior ;

e
14

Figure 528 VHDL code for a 16-bit adder

3
14
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16-bit Adder com Overtlow
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LIBRARY ieee ;
USE ieee.std logic 1164.all ;
USE ieee.std logic signed.all ;

ENTITY adderl6 IS

PORT ( Cin : IN STD LOGIC ;
X, Y : IN STD LOGIC_VECTOR (15 DOWNTO O0)
S : OUT STD LOGIC VECTOR (15 DOWNTO O0)

Cout,Overflow : OUT STD LOGIC ) ;
END adderlé6 ;

ARCHITECTURE Behavior OF adderlé6é IS

SIGNAL Sum : STD LOGIC VECTOR (16 DOWNTO 0) ;
BEGIN

Sum <= ('0' & X) + Y + Cin ;

S <= Sum (15 DOWNTO 0) ;

Cout <= Sum(16) ;

Overflow <= Sum(16) XOR X (15) XOR Y (15) XOR Sum(15) ;
END Behavior ;

Figure 529 A 16-bit adder with carry and overflow

o
4

o
4
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Somador Ripple Carry
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« Atraso para um somador de n bits:

t

ripple = NtFA

Onde t-, € o atraso de um full adder
Xn-1 Yn-1 X1 W o Yo

| A | | A | | A |

C, -—] FA <+ Cprq e e e () w— FA -] FA - ()

|

Sn—1 Sq So

MSB position LSB position
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- Antecipacao de Carry:
e Carry Look Ahead (CLA)

* Aplicado para modulo de 4 bits

X3 Y3 Xo Yo X1 W X0 Yo
| B | | B | | B | | B |
CLA
X3 Y3 Xo Yo X1 WY X0 Yo
vV %3 Y Vv @ Y Y ¢ YV
Cq 4— FA [¢— FA [ FA [¢— FA  [=— &

32



CLA: Generate ¢ Propagate
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« Para gerar carries com atraso menor e fixo

» Observar para o bit |

— Carry € gerado sempre independente das
entradas e dos carries de nivel anterior:
* Gi=XY,
— Carry € propagado sempre independente das
entradas e dos carries de nivel anterior:

* PiEXtYy
» observar que um carry de entrada € morto/killed se:
= XY

— Que é exatamente ~p,

33



CLA: Como gerar os carries
(c-ONicAwP apartirde gep
C1=0o * PoCo
C, = 0¢ * P4Cy Co =01 %t P190 % P1PeCo
C3=Q0p+tpPC, C3=
C4 =03t P3Cz C4=

e Atraso:

— entradas = g, p, (1G)
— g;p; = carry (2G) : 1 AND seguido de 1 OR
— carry = saidas (2G)

« Total: 5G, independente de n

34



Codificacao em BCD
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“No mundo ha 10 tipos de pessoas: as que
sabem contar em binario e as que nao sabem”

35
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BCD

Decimal digit

BCD code

O ~J O Tl Wi —=O

Ne

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

Table 5.3 Binary-coded decimal digits
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Adig¢ao Usando BCD
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X

0111 7
+Y + 0101 + 5
Z 1100 12
+0110
carry—™= 10010
\W_I
S=2
X 1000 8
+Y +1001 + 9
Z 10001 17
+0110
carry—™ 10111
\w_l
S=7

Passou de 10? Remove 10:

S-10=S-9-1
=S+ Ky(949) - 1
=S +Ki(9) +1-1
=S + not (1001,)
=S + 0110,
=S+ 64

Raciocinio Alternativo
Passou de 107?
Remove 10 (carry=1)

S-10=S- (16 —6)
=S+6-16
= (S +6)—16




IC-UNICAMP Somador om BCD
X Y
U
carry-out 4-bit adder  [*—— Cin
z
=y K

41

OverFlow
_— U
< Adjust
u N/
Cout ‘ 4-bit adder -
S

Figure 5.37 Block diagram for a one-digit BCD adder



.
o N Somador de um Digito BCD

X3 X2 X1 X0 wBnh
| | | | I | |
Y v 7 Y.V V. ¥
Oout Four-bit
adder
z3 2 z ¥
Ly Zy Z4 £y {
+01 10
Cout =17 _C
Cout = dout t 2223+ 24 23 _l. ! l Y
Two-bit
adder
J v v v v
Cout S¢] ) $1 S

Figure 5.40 Circuit for a one-digit BCD adder



IC-UNICAMP

Somador BCD

LIBRARY ieee ;
USE ieee.std logic 1164.all ;
USE ieee.std logic unsigned.all ;

ENTITY BCD IS
PORT ( X, Y: IN STD LOGIC VECTOR (3 DOWNTO 0)
S: OUT STD LOGIC VECTOR (4 DOWNTO 0) )
END BCD ;

ARCHITECTURE Behavior OF BCD IS
SIGNAL Z : STD_LOGIC_VECTOR(4 DOWNTO 0) ;
SIGNAL Adjust : STD_ LOGIC ;
BEGIN
Z <= ('0' & X) + Y ;
Adjust <= 'l' WHEN Z > 9 ELSE '0' ;
S <= Z WHEN (Adjust = '0') ELSE Z + 6 ;
END Behavior ;

Figure 5.38 VHDL code for a one-digit BCD adder

3
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3
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