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Conversio Decimal-Binéria

Convert (857)1

Remainder

857 -2 = 428 1 LSB
428 -2 = 214 0
214 -2 = 107 0
107 -2 = 53 1
53 -2 = 26 1
26 -2 = 13 0
13+-2 = 6 1
6+-2 = 3 0
32 =1 1

1+2 = 0 1 MSB

Result is (1101011001)4
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Decimal Binary Octal Hexadecimal

00 00000 00 00
01 00001 01 01
02 00010 02 02
03 00011 03 03
04 00100 04 04
05 00101 05 05
06 00119 06 06
07 00111 07 07
08 01000 10 08
09 01001 11 09
10 0101¢ 132 0A
11 01011 13 0B
12 01100 14 e
13 01101 15 0D
14 01110 16 OE
15 01111 17 oF
16 10000 20 10
17 10001 21 11
18 10010 29 12

Meio somador (Half-adder)
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(@) The four possible cases
Cary am
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0 0 0 0
0 1 0 1
1 0 0 1
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(b) Truth table

(c) Circuit
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(d) Graphical symbol




Adicéo Bin&ria

X = XgX3XoXqXq 01111 7257,
+Y = ygys¥oy1Yo 01010 70?7
S = 5,535,515 11001 257,
%Y
G 00 01 11 10
0 1 1
G X % |G| S
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0 0O 0 0
0 01 0 1 _
010 0o 1 ST
011 1 0
%Y
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Somador L e

Com pl etO (a) Truth table
(Full- adder)

Gi+1 = XYitXiG+YC

(b) Karnaugh maps

(c) Circuit




Implemantacéo de um Somador Completo usando

decomposi¢go
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(b) Detailed diagram
Somador de n-hits tipo ripple-carry
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Formatos para representacdo de nimeros inteiros

b n-1 bl b 0
LN ]
N N ,
1 Magnitude
MSB
(a) Unsigned number
bh_1 b2 by bo

\ Vv
. T Magnitude
Sign

0 denotes+
1 denotes— MSB

(b) Signed number

NUmeros inteiros sinalizados com 4 bits

2 s complement

Sign and
b;bzblbo maguitudc 1s complcmcnt
0111 +7 +7
011¢ +6 +6
0101 +5 +5
0100 +4 +4
0011 +3 +3
0010 +2 +2
000 1 +1 +1
0000 +0 +0
1000 0 7
100 1 1 6
1010 2 5
1011 3 4
1100 4 3
1101 ] 2
111¢ 6 1
1111 7 0

+7
+6
+5
+4
+3
+2
+1
+0
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Exemplos de adicdo em complemento de 1

(+5) 0101 257 1010
+(+2) +0010 +(+2) +0010
+7) 0111 23? 1100
(+5) 0101 257 1010
+22?  +1101 +22? +1101
+3 10010 277 10111
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Exemplos de adi¢céo em complemento de 2

(+5) 0101 257 1011
+(+2) +0010 +(+2) +0010
(+7) 0111 237 1101
(+5) 0101 257 1011
+ 222 +1110 +22? +1110
(+3 10011 272 11001

? ?

ignore ignore




Exemplos de subtragdo em complemento de 1

(+9 0101
-(+2 -0010
(+3

257 1011
—(+2) -0010
277

(+5) 0101
- 227 -1110
(+7

257 1011
- 227 -1110
237

—

—

0101
+1110

10011
A

| ignore
1011
+1110

11001
A

| ignore

0101
+0010

0111

1011
+0010

1101
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Interpretacdo Gréficade nimeros de 4 bits em
complemento de 2

14




Somador / Subtrator

Yn-1 Y1 Yo

Add Bub
control

Xpn-1 X1 Xp LN

|
11
Ry Y ?
Ch n-bit adder /L Co
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Exemplo de ocorréncia de overflow

+7 0111 =77? 1001
+(+2 + 0010 +(+2) + 0010
(+9 1001 ?>5? 1011
c, =0 Cy =
;=1 c3=0
+7 0111 27? 1001
+ 22? +1110 + 227 +1110
(+5) 10101 ?29? 10111
c,=1 G =
c3=1 c3=0
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Somador de n-bits tipo ripple-carry

X-1 Yn-1 Xy Y1 Xo Yo

A J Y Y Y A Y
C1

- FA - Cy»q »»r» Cyp =] FA - FA -— Cp
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Sn-1 S1 So

MSB position LSB position
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Somador ripple-carry com generagao/propagacao de
snas

X1 Y1 Xo Yo

G

y 3

C

Stage 1 Stage 0
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Somador carry-lookahead

Como fazer com que um somador trabalhe
mais rapido ?

19

Somador carry-lookahead com ripple-carry entre blocos

X31-24 Y31-24 Xi5-8 Yi5-8  X7-0 Y7-0
Cg
Cap~—o Blgck ~—Cyeee Clge—— Blgck - Bl8ck - Co
S31-24 Si5-8 S7-0
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Dois estagios de um somador carry-lookahead

x Y1

91

O

P1

Xo Yo

9

co

s1 %
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Um somador hierérquico carry-lookahead
X31—£24 Tl—zn. Xls_f TS—B X7—r T—o
—_— Block e 222 —-— o Block Block C
3 Con 1 0 0
Gg Ps3 Gy Py ‘ Go|Pg ‘
S31-24 e Si15-8 S7-0
LI ]
[ ) $
\ \ |7 ' v l LI/
3w | ~ Ci5 | cg | ™
Second-level lookahead g
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Projeto alternativo para um somador carry-lookahead

Co
©2 L Ll ~ C1 ‘l—l
S1 S
23
Esquemético usando um maodulo LPM adder/subtractor
WCT
LPM_ADD SUB
add_zub
MI5.0 il
result]] — s[5.0]
datab(]
Y[15..0] — overflow
el [ Cwerflow
> Cout
24

12



Resultado da simulagdo deum moédulo LPM adder/subtrator

Ref. 204 5ns
Mame: _Walue: 100.0ns 2UU.|ﬁnS 300
= ¥[15.0] | H 3FFF 0000 I 3FHF \7FFF
%YHS_D] Hooot | oooo ¥ ooo1
& S[15.0) |H4000 [ o000 ¥ 0001 Ty 4000 5000
e Cout 1]
faw Overflow 1]
Optimized for cost
Ref. 173 0ns
Marme: _Walue 1DDIDns 7 QDDIDns 300
= ¥[15.0] |[H3FFF 0000 b 3FFF W 7FFF
%YHS_D] Hooot | oooo ¥ oo
= 5[15.0] | H4000 oo ¥ o1 Y o0 J
e Cout ]
=z Overflow 0
Optimized for speed -
Codigo VHDL para um full-adder
LIBRARY ieee;
USE ieeestd logic 1164.dll ;
ENTITY fulladd IS
PORT ( Cin,x,y :IN STD_LOGIC;
s,Cout :OUT STD_LOGIC);
END fulladd ;
ARCHITECTURE LogicFunc OF fulladd IS
BEGIN
§<=x XORy XORCin;
Cout <= (x AND y) OR (Cin AND x) OR (CinAND ) ;
END LogicFunc;
26

13



Cddigo VHDL para um somador de 4 bits

LIBRARY ieee;
USE iecestd logic_1164.dl ;

ENTITY adder4 IS
PORT( Cin CIN STD_LOGIC;
x3,x2,x1,x0 :IN STD_LOGIC;
y3,y2,y1,y0 :IN STD_LOGIC;
s3,2,s1,s0 :OUT STD_LOGIC;
Cout :OUT STD_LOGIC);
END adder4 ;

ARCHITECTURE Structure OF adder4 IS
SIGNAL c1,c2,¢c3: STD_LOGIC;
COMPONENT fulladd
PORT( Cin,x,y :IN STD_LOGIC;
s,Cout :OUT STD_LOGIC);
END COMPONENT ;
BEGIN
stage0: fulladd PORT MAP ( Gin, x0, y0, s0,cl) ;
stagel: fulladd PORT MAP (cl, x1,y1,s1,¢c2);
stage2: fulladd PORT MAP (c2, x2,y2,2,¢3) ;
stage3: fulladd PORT MAP (
Cin =>¢3, Cout => Cout, x =>x3,y =>y3,5s=>s3 ) ;
END Structure ;

27

Declaracdo de um Package

LIBRARY ieee;
USE ieeestd logic_1164.dl ;

PACKAGE fulladd_package 1S
COMPONENT fulladd
PORT ( Cin, x,y :IN STD_LOGIC;
s,Cout :OUT STD_LOGIC);
END COMPONENT ;
END fulladd_package ;

28
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Usando um package para somador de 4 bits

LIBRARY ieee;
USE ieee.std_logic_1164.dl ;
USE work.fulladd_package.al ;

ENTITY adder4 IS
PORT ( Cin S\ STD_LOGIC;
X3, X2, x1, X0 :IN STD_LOGIC;
y3,¥2,y1,y0 : IN STD_LOGIC;
s3,82,81,s0 : OUT STD_LOGIC;
Cout :OUT STD_LOGIC);
END adder4 ;

ARCHITECTURE Structure OF adder4 1S
SIGNAL cl1,c2,c3: STD_LOGIC;
BEGIN
stage0: fulladd PORT MAP ( Cin, x0, y0, s0, c1) ;
stagel: fulladd PORT MAP (cl, x1,y1,s1,c2);
stage2: fulladd PORT MAP (c2, x2,y2, s2,¢c3) ;
stage3: fulladd PORT MAP (
Cin=> c3, Cout => Cout, X =>x3,y =>Vy3, s
=>3s3 ) ;
END Structure;
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Somador de 4 bits usando sinais multibit

LIBRARY ieee;
USE ieeestd logic_1164.dl ;
USE work.fulladd_package.al ;

ENTITY adder4 1S

PORT ( Cin . IN STD_LOGIC;
X, Y IN STD_LOGIC_VECTOR(3DOWNTOO0) ;
S :OUT STD_LOGIC_VECTOR(3DOWNTOO);
Cout :OUT STD_LOGIC);
END adder4 ;

ARCHITECTURE Structure OF adder4 IS
SIGNAL C: STD_LOGIC_VECTOR(1TO3);
BEGIN
stage0: fulladd PORT MAP ( Cin, X(0), Y(0), S0), C() ) ;
stagel: fulladd PORT MAP ( C(1), X(2), Y(1), (1), C(2) ) ;
stage2: fulladd PORT MAP ( C(2), X(2), Y(2), S(2), C(3) ) ;
stage3: fulladd PORT MAP ( C(3), X(3), Y (3), S(3), Cout ) ;
END Structure;

30
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Cadigo VHDL code para um somador de 16-bit

LIBRARY ieee;
USE ieee.std logic_1164.all ;
USE ieeestd_logic_signed.dl ;

ENTITY adder16 IS
PORT( X,Y :IN STD_LOGIC_VECTOR(15 DOWNTOO0) ;

S :OUT  STD_LOGIC_VECTOR(15 DOWNTOO)) ;
END adderl6 ;
ARCHITECTURE Behavior OF adder16 IS
BEGIN
S<=X+Y;
END Behavior ;
31
Somador de 16-bit com carry e overflow
LIBRARY ieee;

USE ieee.std_logic_1164.dl ;
USE ieee.std _logic_signed.al ;

ENTITY adder16 IS

PORT ( Cin CIN STD_LOGIC ;
X,Y S IN STD_LOGIC_VECTOR(15 DOWNTO0) ;
S :OUT STD_LOGIC_VECTOR(15 DOWNTO0);

Cout, Overflow :OUT STD_LOGIC);

END adder16 ;

ARCHITECTURE Behavior OF adder16 IS

SIGNAL Sum: STD_LOGIC_VECTOR(16 DOWNTO0) ;

BEGIN

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

S<=Sum(15 DOWNTOO0) ;

Cout <= Sum(16) ;

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

END Behavior ;

32
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Use of the arithmetic Uso de package com circuito aritmético

LIBRARY ieee;
USE ieee.std _logic_1164.dl ;
USE ieee.std logic_arith.dl ;

ENTITY adder16 IS

PORT ( Cin “IN STD_LOGIC ;
X,Y “IN SIGNED(15 DOWNTO0) ;
S :OUT  SIGNED(15 DOWNTOO0) ;

Cout, Overflow : OUT  STD_LOGIC);
END adder16 ;

ARCHITECTURE Behavior OF adder16 IS

SIGNAL Sum : SIGNED(16 DOWNTO 0) ;
BEGIN

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

S<=Sum(15 DOWNTOO0) ;

Cout <= Sum(16) ;

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

33

Um somador de 16-bit adder usando sinais INTEGER

ENTITY adder16 IS

PORT ( X,Y :IN INTEGER RANGE -32768 TO 32767 ;
S :OUT INTEGER RANGE -32768 TO 32767)
END adder16;
ARCHITECTURE Behavior OF adder16 IS
BEGIN
S<=X+Y;
END Behavior ;

)

34

17



Circuito multiplicador 4 X 4

Multiplicand M (14) 1110
Multiplier Q (112) ? 1011

1110
1110
0000
1110

Product P (154) 10011010

(a) Multiplication by hand

35

Circuito multiplicador 4 X 4

Multiplicand M (11) 1110
Multiplier Q (14) ?1011
Partial product O 1110
+1110
Partial product 1 10101
+ 0000
Partial product 2 01010
+1110]
Product P (154) 10011010

(b) Implemantagéo da multiplicagdo em hardware

36
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Circuito multiplicador 4 X 4

P7  Ps Ps Py P3 P2 Py Po

(a) Structure of the circuit

Moy m
m,
1 . T 4
Cot FA — Cin FA — Cin
) |
(b) A block in the top row (c) A block in the bottom two rows 37
Multiplicacéo de nimeros sinalizados
Multiplicand M (+14) 01110
Multiplier Q (+11) Xx 01011
Partial product 0 0001110
+ 001110
Partial product 1 0010101
+00000
Partial product 2 000101
+ 00111
Partial product 3 001001
+ 00000
Product P (+154) 0010011010
(a) Positive multiplicand
38
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Multiplicacéo de nimeros sinalizados

Multiplicand M 14) 10010
Multiplier Q (+11) ?201011
Partial product O 1110010
+ 110010
Partial product 1 1101011
+00000
Partial product 2 111010
+ 11001
Partial product 3 110110
+00000d |||
Product P ~154) 1101100110

(b) Negative multiplicand

39
Padrdo | EEE 754 standard nimero de ponto flutuante
- 32 bits >
Bl v
Sign—T v Y _
0 denotes 8-bit 127 23 bits of mantissa
excess-
1 denotes- exponent
(a) Single precision
- 64 bits -
E E M
SignJ ) M B v .
11-bit excess-1023 (c) Double praibitmof mantissa
exponent
40
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Codigo BCD — Binary Code Decimal

Decimal digit | BCD code

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

OO kW= O

41

Adicdoem BCD

X 0111 7
+Y +0101 +5
Z

1100 12
+0110

camy—™ 10010
\_V_I

S=2

X 1000 8
+Y +1001 +9
z

10001 17
+0110

camry— 10111
\_V_I
S=7

42
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Somador BCD de um digito — diagrama de blocos
X Y

4-bit adder e ~in

cary-out

Daerl  K———
am >9

6 0
MUX
Adu
u 2
Cout w-—  4bhitadder - 0
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Somador BCD de um digito — cédigo VHDL

LIBRARY ieee;
USE ieee.std logic_1164.al ;
USE ieeestd logic_unsigned.al ;

ENTITY BCD IS
PORT( X,Y :IN  STD_LOGIC VECTOR(3DOWNTOO);
S :OUT STD_LOGIC VECTOR(4 DOWNTOO0));
END BCD ;

ARCHITECTURE Behavior OF BCD IS
SIGNAL Z: STD_LOGIC_VECTOR(4 DOWNTOO0) ;
SIGNAL Adjust: STD_LOGIC;
BEGIN
Z2<=(0'&X)+Y;
Adjust<="1'"WHEN Z>9ELSE'0';
S<=Z WHEN (Adjust="0)ELSEZ +6;
END Behavior ;

44

22



Simulagdo de um somador BCD de um digito

QD.IDns 4D.|Dn5 ED.IDns BD.IDns 1008
0 A 8 ;
o 1 A2 X
oo f o1 F 03 ¥ 10 ¥ 03
45
Circuito para um somador BCD de um digito
X3 X3 X3 Xg Y3 Y2 Y1 Yo
Four-bit adder < Cin
Z3 Z E %y
Two-bit adder
y
Cout S3 Sp S1 So
46
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Bit

positions Bit positions 654
3210 w0 w1l 010 011 190 101 119 111
0000 NUL DLE SPACE O @ P ’ p
0001 SOH DC1 ! 1 A Q a q
0010 STX DC2 * 2 B R b T
0011 ETX DC3 # 3 [e) 5 c s
0100 EOT DC4 $ 4 D T d t
0101 ENQ NAK % 5 E U ¢ u
0110 ACK  SYN . 6 F Vv £ v
0111 BEL ETB ? 7 G W = w
1000 BS CAN i 8 H X L x
1001 HT EM ) 9 I Y i v
1010 LF SUB * : ] z i z
1011 VT ESC + H K [ k {
1100 FE  FS , < L\ 1 |
1101 CR GS = M ] L 3}
1110 50 RS . > N . n

1111 SI s / e O o DEL
NUL Null/Ldie St Shift; in

SOH Start of header DLE Data link escape

STX Start of text DC1 DC4 Device control

ETX End of text NAK Negative acknowled gement
EOT End of transmittcd SYN Synclronous idle
ENQ Enquiry ETB End of transmitted block
ACQ Acknowledgement CAX Cancel (crror in data)
BEL Audible signal EM End of medium

BS Back spacc SUB Special sequenee

HT Horizontal taly E5C Escape

IF Linc feed FS File scparator

VT Vertical tab GS Group separator

FF Form feed RS Record separator

CR Carriage reburn us Unit separator

50 Shiff out DEL Delete/Idle

Bit positions of codeformat= 6 5 4 3 2 1 0




