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Representagao Posicional

- Representagdo de Inteiros sem Sinal

D = dn-l dn_z .- dl do

V(D) = d,_;x10"1 + d .x10"2 +  +d;x10! +d,x10°

- Sistema Binario:
B =b, b2 . bybg

V(B) = b,_x2"-1 + b, ,xb"2 + _ +b;x2! + b x2°
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Representagdo Posicional
Conversado entre Decimal e Binario

V(B) = b,_x2"! + b_,xb"2 + . +b;x2! + b,x2°

V(B) = b,_;x2"-! + b, ,xb"2 + . +b;x2! +b,

V(B) = b,_;x2"2 + b, ,xb"3 + . +b; + by
2 2
Conversdo de Decimal para Binario: Divisdo sucessiva por 2

MO401
4.5



Convert (857)10

857 + 2
428 = 2
214 + 2
107 = 2
53 + 2
26 ~ 2
13 = 2
6 = 2
3= 2
1 =2

Exemplo

Remainder

428 1 LSB
214 0

107 0

53 1

26 1

13 0

§) 1

3 0

1 1

0 1 MSB

Result is (1101011001),
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Octal e Hexadecimal

Decimal

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18

Binary Octal

00000
00001
00010
00011
00100
00101
00110
00111
01000
01001
01010
01011
01100
01101
01110
01111
10000
10001
10010

00
01
02
03
04
05
06
07
10
11
12
13
14
15
16
17
20
21
22

Hexadecimal

00
01
02
03
04
05
06
07
08
09
0A
0B
0C
0D
OE
OF
10
11
12
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Adicdo de Numeros sem Sinal

0101

0011

0110

Carry | Soma

X y c S
0 0 0] 0]
0 1 0] 1
1 0 0] 1
1 1 1 0]

(9] o O
nwI< X
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Adicdo de Numeros sem Sinal

X = 1 X3 % X, X 01111 (15)10
+Y = Va¥a¥o Yy Yo 01010 (10)10

1110 <— Generated carries

S = 1258 S 11001 (25)10
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Adicdo de Numeros sem Sinal
Somador Completo a partir de 3 Somador

Xi——

y; —= HA | ¢
Ci

X

>

MO401
4.10



Somador Ripple-Carry

T T
| A | Y | A |
c G
n~ FA |[*— Cpyq1°°° &= FA |= FA |— g
Sn—1 S %

MSB position LSB position
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Representagdo de Ndmeros Negativos

Sinal e Magnitude

bn—1

T Magnitude

MSB

b

n—1b

n-2

Sign
0 denotes
1 denotes MSB

T Magnitude

Numero sem Sinal

Ndmero com Sinal
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Representagdo de Ndmeros Negativos

Complemento de 1

Em complemento de "Um" o ndmero negativo K, com n-bits, é
obtido subtraindo seu positivo P de 2" - 1

K=(n-1)-P

Exemplo: se n = 4

entao: K=-7 -> P=7
7 = (0111),
K=(@24-1)-P -7 = (1111), - (0111),
K=@016-1)-P -7 = (1000),

K =(1111), - P
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Representagdo de Ndmeros Negativos

Complemento de 2

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

K:Zn-P — K=(2n'1)+1-P

K=(@2"-1)-P + 1
Exemplo: se n = 4

entao: K=-7 -> P=7
7 = (0111),
K=24-P -7 = (10000), - (0111),
K=16-P -7 = (1001),

K = (10000), - P
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Representacdo de Numeros Negativos

Sign and
bsbab1by magnitude 1’s complement 2’s complement

0111 +7 +7 +7
0110 +6 +6 +6
0101 +9 +5 +9
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 —9 —6
1011 -3 —4 —9
1100 — -3 —
1101 —9 —2 -3
1110 —6 —1 —2

1111 —7 —0 —1
MO401
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Adicdo e Subtracgao
Complemento de 1

(+5) 0101 (=3) 1010
+(+2) +0010 +(+2) +0010
+7) 0111 -3) 1100
(+5) 0101 &) 1010
+(-2) +1101 +(=2) +1101
+3) 1001 -7) 1011

I
)
[—
= | =]
I
e
)
)
= =
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(+5)
+(+2

(+7)

(+95)
+ (—2)

(+3)

Adicdo e Subtracgao
Complemento de 2

0101
+0010

0111

0101
+1110

10011
A
|

ighore

(-5)
+(+2

(-3)

(-5)
+ (=2)

(=7)

1011
+0010

1101

S S Q'
O |= 0
O | =t =
Y = R {

— +

ighore
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Subtragdo em Complemento de 2

(+5)
—(+2)

(+3)

(-9)
—(+2)

(=7)

(+5)
— (-2)

(+7)

(-9)
- (=2)

(-3)

0101 0101
-0010 —> +1110
10011
A
|
ighore
1011 1011
-0010 —> +1110
11001
A
|
ignhore
0101 0101
-1110 —> +0010
0111
1011 1011
1110 —> +0010

1101

MO401
4.18



Complemento de 2
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Unidade Somador-Subtrator

Yn-1 14

e b
VY
/Lco

Aldd/ Sub
control

Y

Ch n-bit adder

T
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Overflow

Quando hé overflow?
Como detectar se houve overrflow?

(+7) 0111 (=7)
+ (+2 +0010 + (+2)
(+9) 1001 (-5)
C4=0
c =1
(+7) 0111 (=7)
+ (-2 +1110 + (—2)
(+5) 1010 (-9)
Cy =
c3 = 1




Somadores Rapidos
Carry-Lookahead

* Desempenho do somador Ripple Carry de n-bits

- Se cada somador completo tem um atraso de At

- Entdo, o atraso de todo o somador sera de n At
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Somadores Rapidos
Carry-Lookahead

Cii1 = XYi + X + YiC

Ci.i = Xxy; + (X, +ydeg — Ci.q =g+ PpiC

Ci.i1 =9 + pi (9i.1 + Pi-1 Ci-1)

Ci.1 = G * PiGi-1 * PiPi-1Ci-1
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Somadores Rapidos
Ripple Carry em termos de g e p

X 4

Q

X0

Yo

v

Po

S
o

Stage 1

Y

Y

Stage 0

[
v

G



Somadores Rapidos
Carry-Lookahead




Somadores Rapidos

Carry-Lookahead
X31-24 Y31-24 X15-8 Y15-8
v Y Y Y
Block Block ‘8
C32<— 3 - 0240 e o C16<— 1 ~—]
31-24 515-8

Y Y

X0 Y7-0

Block
0

— %

57-0
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Carry-Lookahead Hierarquico

X31_24 Y31-24 Xi5_g  Yi5-8 X0 Yr_o

| .

- Block ———————— A N S— Block - Block R
3 Coq 1 o |~ 0
Gal 5 ‘ Gy| P ‘ Gy Pol l
%1_24 eee —J—9o 815_8 57—0
L vy r v v 1 l Yy
C32 - Ci6 alll & -—
Second-level lookahead s
MO401
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Multiplicagdo

Multiplicand M (14) 1110
Multiplier Q (11) x 1011

1110
1110
0000
1110

Product P (154) 10011010

Multiplicacao: lapis e papel
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4.28



Multiplicagdo

Multiplicand M (11) 1110
Multiplier Q (14) x 1011
Partial product 0 1110
+ 1110
Partial product 1 10101
+ 0000
Partial product 2 01010
+ 1110 '

Product P (154) 10011010
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Multiplicagdo

0 msy m, m, m
q9
q,
-— 1
q3
-— 0
Py Pe Ps Py P Py Py Po
(a) Structure of the circuit
m
k+1 nmy
my
qo
q, q;
out FA Cin out FA Cin

(b) A block in the top row

(c) A block in the bottom two rows
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Multiplicagao
Numeros com Sinal

Multiplicand M (+14) 01110
Multiplier Q (+11) x 01011
Partial product 0 0001110
+ 001110
Partial product 1 0010101
+ 000000
Partial product 2 0001010
+ 001110
Partial product 3 0010011
+ 000000 |11
Product P (+154) 0010011010

(a) Positive multiplicand
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Multiplicagao
Numeros com Sinal

Multiplicand M (-14) 10010
Multiplier Q (+11) x 01011
Partial product 0 1110010
+ 110010
Partial product 1 1101011
+ 000000
Partial product 2 1110101
+ 110010
Partial product 3 110110
+ 000000/ |||
Product P (—154) 1101100110

(b) Negative multiplicand
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Representagoes de Niumeros Reais

- Notacdo Cientifica:

+ Mantissa x 10E

Mantissa = x.yyyyyy

- Se Mantissa ndo possui zeros a esquerda do ponto
decimal -> normalizado

* Padrdo IEEE-754

- Normalizado
- Bit Escondido

(-1)° x (1 + Fragdo) x 2F
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IEEE-754 de Precisdao Simples

- 32 bits ~
S E y
Slgl'l't M . - vV -
0 denotes + 8-bit 23 bits of mantissa
1 denotes — excess-127

exponent
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IEEE-754 de Precisao Dupla

- 64 bits -
S E M
sigmd ¥ R .
11-bit excess-1023 52 bits of mantissa

exponent
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IEEE-754
Valores Representados

Exponent Fraction Represents
e=0=E__ -1 f=0 +0
e=0=E, -1 f20 0.f x Zmim
E.n, <€<E._. 1.f x 2¢
e=E_, +1 f=0 T oo
e=E__ +1 f=0 NaN
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31

TEE-754: Exemplo

-0,751() - -0,1 12

Normalizando 1,1 x 2

30 23

22 0

01111110

1000000000000O00O000OOO0OOOOO
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TEE-754: Exemplo

Qual o decimal correspondente ?

31,30 23,22 0
11000000111 0000000000000000000000

N=- (1+0.25) x 2" = 1,25 x 4 = -5,0
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BCD

Binary-Coded-Decimal

Decimal digit

BCD code

© 00 ~J O U = W N = O

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
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Adicao Usando BCD

X 0111 7
Y

+ +0101 +5

Z 1100 12
+0110

carry=10010
\W_I

S=2

1000

X

+Y +1001

Z 10001
+0110

carry—=— 10111
\—V_I

S=7

O

17
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Adicao Usando BCD
VRl

4-bit adder - Cin
carry-out
Z

A
Detect if <
sum > 9

6 0
—— MUX
Adjust
iL N

Cout - 4-bit adder -— 0

U

S
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