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B L (2 ores | Apresentacio da Disciplina

Prof. Fernando Osério

Agenda:

1. Introducido a Organizacio de Computadores:
Componentes e Blocos Basicos
2. Arquitetura de Von Neumann
Logica Digital — Conceitos Basicos
- Sistemas Numéricos
- Circuitos combinacionais seqiienciais
4. Construindo uma ULA
- Somadores
- Representacio Numérica (Inteiros)

- Operadores, Operacoes & Bits de Controle/Status
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Motivacio...

. ===

CYRIX
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3.3M transistors &
204 mm’ [

1972 Bill Gates and Paul
Allen form Traf-O-Data, the
predecessor to Microsoft.
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microprocessor-based Modelos, Conceitos

computer, using the 8008.
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Arquitetura de Computadores
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Evolugao...
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Fonte: http://www.edumax.com/computer-hardware-cpu-parts-and-evolution.html
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Evolugio...

' | Select by chip logo

Arquitetura de Computadores
¢

Select by brand label
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AMI ~
hips and Am486 AmS5x86™ AMD-K5
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Eastern Eloc

6

el Fonte: http://www.cpu-collection.de
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Breve Historico:

Blaise Pascal (1623 - 1662)
1642 - Maquina de calcular mecinica (engrenagens e alavancas)
Permitia fazer adicdes e subtragdes - Inovagdo: vai-um, repr. numérica
Leibniz (1646 - 1716)
1671 - Maquina de calcular mecinica
Permitia fazer as 4 operacdes - Inovacio: multiplicaciio e divisdo
Charles Babbage (1792 —1871)
1827 - Maquina Diferencial: implementava o método de diferencas finitas
Inovacio: operacio automatica com diversos passos
1834 - Maquina Analitica: proposta de uma maquina de propoésito geral.
Inovacio: Mecanismo automatico de controle de seqiiéncia de programa
Zuse: Z3 - 1941 (Computadores com circuitos eletro-mecanicos)
Aiken: Mark I - 1944
John von Neumann (1903-1957)
ENIAC (Electronic Numerical Integrator and Computer) - 1946 (Valvulas)
EDVAC (Electronic Discrete Variable Automatic Calculator)

7 IAS (Institute for Advanced Study — Princeton, USA) => Arquitetura Von Neumann
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e Sistema decimal
- 10 digitos:0 123456789
- Casas decimais: ...10% 102 10 1

e Sistema binario
- 2digitos: 0 1
- Casas binarias: L2222 201

e Sistema hexadecimal
- 16 digitos:0123456789ABCDEF
- Casas hexadecimais: ... 163 162 16 1

8
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Sistemas Numéricos

0000 0O0O0DO
0 0 00h -0d

0101 1111 1+2+4+8+16+64
5 F 5Fh - 95d

1010 1010 =>7

8 bits, 16 bits, 32 bits - MSB / LSB

o Big-endian / Little-endian

Agosto 2009
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C-1 C-2 C-3
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
) 1 |1 |0 6
Transistores 1 1 1 ”




USP- SSC-610 — Eng. Comp. T1/2010-2

Organizacio de Computadores I CIRCUITOS LOGICOS

Prof. Fernando Osério

Agosto 2009

USP - SSC-610 — Eng. Comp. T1/2010-2

Organizacio de Computadores I CIRCUITOS LOGICOS

Prof. Fernando Osério

D
Sy
D




USP- SSC-610 — Eng. Comp. T1/2010-2

Organizacio de Computadores I CIRCUITOS LOGICOS

Prof. Fernando Osério

R
> P
-

L)
ou exclusivo
o 1]
D>
1 0

13

Agosto 2009

USP - SSC-610 — Eng. Comp. T1/2010-2 . . R R R . . .
Organizagiio de Computadores | 3. Circuitos Combinacionais Seqiienciais

Prof. Fernando Osério

Circuito Combinacional

= o

A
B

Expressao Logica: ABC+AC+AB

Otimizag¢ao, Simplificacao, Mapas de Karnaugh, ...
Circuitos: Comparadores, Somadores, (De)Multiplexadores,
(De)Codificadores, Flip-Flops, Contadores, ...

Ref.: Idoeta/Capuano. Elementos de Eletronica Digital
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Breve Historico:

Blaise Pascal (1623 - 1662)
1642 - Maquina de calcular mecinica (engrenagens e alavancas)
Permitia fazer adicdes e subtragdes - Inovagdo: vai-um, repr. numérica
Leibniz (1646 - 1716)
1671 - Maquina de calcular mecinica
Permitia fazer as 4 operacdes - Inovacio: multiplicaciio e divisdo
Charles Babbage (1792 —1871)
1827 - Maquina Diferencial: implementava o método de diferencas finitas
Inovacio: operacio automatica com diversos passos
1834 - Maquina Analitica: proposta de uma maquina de propoésito geral.
Inovacio: Mecanismo automatico de controle de seqiiéncia de programa
Zuse: Z3 - 1941 (Computadores com circuitos eletro-mecanicos)
Aiken: Mark I - 1944
John von Neumann (1903-1957)
ENIAC (Electronic Numerical Integrator and Computer) - 1946 (Valvulas)
EDVAC (Electronic Discrete Variable Automatic Calculator)

15 IAS (Institute for Advanced Study — Princeton, USA) => Arquitetura Von Neumann
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Arquitetura - Modelo Inicial:

e John von Neumann
- Construiu em 1952 o computador IAS (Institute for Advanced Study —
Princeton, USA)
- Programa Armazenado: programas e dados representados de forma
digital em meméria
- Processamento baseado em aritmética binaria, ao invés de decimal

e Maquina de Von Neumann
- Componentes:
> Memoria
> Unidade Logica e Aritmética (ULA)
> Unidade de Controle
> Dispositivos de entrada/saida
- Memoria EDVAC: 1024 palavras de 44 bits
- Memoria IAS: 4096 palavras de 40 bits (2 instrugdes de 20 bits / inteiro c/sinal)
- Instrucédo IAS: 8 bits para indicar o tipo, 12 bits para enderegar a meméria

- Acumulador IAS: registrador especial de 40 bits. Tem por fungéo

16 armazenar um operando e/ou um resultado fornecido pela ULA.
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Arquitetura - Modelo Inicial:

e Maquina de von Neumann

Memory
"
- - Input
Arithmetic
Control logic unit
unit
- Output

Accumulator
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Arquitetura - Modelo Inicial:

Von Neumann: Arquitetura de Computadores, Mecanica Quantica,
Teoria de Jogos - Theory of Games and Economic Behavior
Inteligéncia Artificial / Redes Neurais - The Computer and the Brain

Help us provide free content to the world by donating today!
article || discussion | | editthis page | | history |

| Von Neumann architecture

‘ From Wikipedia, the free encyclopedia

el John von Neumann in the 1940s
WIKIPEDIA The ven Neumann architecture |s. a design model for a stored-program digital computer
The Free Encyclopedia | that uses a processing unit and a single separate storage structure to hold both Memﬂry
navigation instructions and data. It is named after mathematician and early computer scientist John
& Nl | ‘ von Neumann. Such a computer implements a universal Turing machine, and the I l I l
& Carloiks common "referential model” of specifying sequential architectures, in contrast with
u Festured content parallel architectures. Arithmetic
= Currentevents A stored-program digital computer is one that keeps its program instructions as well as COerl - l.:Og_iC
= Random article its data in read-write, random access memory. Stored-pragram computers were an Um‘t Unit
search advancement over the program-controlled computers of the 1940s, such as Colessus and 1
[ — ENIAG, which were programmed by setting switches and inserting patch leads to route A““‘m”!at"'
data and control signals between various functional units. In the majarity of modern
computers, the same memory is used for both data and program instructions: \

interaction .| The terms "von Neumann architecture” and “stored-program computer” are generally used
= About Wikipedia

interchangeably, and that usage is followed in this article. In contrast, the Harvard
= Community portal architecture stores a program in a modifiable form, but without using the same physical Design of the von Neumann architecture &
= Retontchanngs) storage or format as for general data

18
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CPU - Processador

[+1]

X

19
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Fonte: http://courses.cs.vt.edu/~csonline/MachineArchitecture/Lessons/CPU/index.html
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CPU - Processador

1]

2

ULA / ALU

Unidade Logico-Aritmética

20
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Fonte: http://courses.cs.vt.edu/~csonline/MachineArchitecture/Lessons/CPU/index.html
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R

Um simbolo esquematice tipico para uma ULA, onde "4 & &
“B" edo operandos, “R" & a saida, °F" & a entrada da unidade
de controle & "D £ a saida de status

21
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Unidade Logico Aritmética - ULA

4. Unidade Légica e Aritmética (ULA)

A Unidade Logica e Aritmética (ULA) ou em inglés Arithmetic Logic Unit (ALU)
¢ uma parte da Unidade Central do Processador (Central Processing Unit - CPU).

Esta unidade é que realmente executa as operacdes aritméticas e légicas

referenciadas pelos opcodes das instrugdes.

1-Bit ALU (adder)

output
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SOMADOR

|

o
o
o

= 001
010
= 011
100
=101
110
111

NoOulhwWNHFO
Il

Decimal: 2
Binario: 10
+
Decimal: 3
Binario: 11
010
+
011
101
0 1
0 1
1 0

11



USP- SSC-610 — Eng. Comp. T1/2010-2

Organizacio de Computadores I SOMADOR: Half Adder

Prof. Fernando Osério

0 1 1
+ 1 + 0 + 1
0 1 0 1 1 0
(a) The four possible cases
Carry Sum
X y c s
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0
(b) Truth table
X ﬁ
s
y /D
X —— ———
Y e— HA e
1 >
23 (c) Circuit (d) Graphical symbol

Agosto 2009

USP - SSC-610 — Eng. Comp. T1/2010-2

Organizagdo de Computadores I SOMADOR: Full Adder

Prof. Fernando Osério

s, = x,© y,® c,;
XV
Cy 00 01 11 10
0 1
1 1 1 1
(a) Truth table
Civ ol T Xyt Xt oyeg

(b) Karnaugh maps

24
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X1 N X Yo
Y v
C1
G+ FA - FA |-+ Co
Sn-1 S So
MSB position LSB position

o An n-bit ripple-carry adder

Agosto 2009
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R

A typical schematic symhol for an ALLE 4 8 B are the
det (regfisters); R is the outiut, F is the Operand
Ginstruction) from the Control Unit; D is an output status

26
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4-bit ripple: carry adder circut diagram

X1 N X Yo

Y | A |
C1
CZ - FA - FA - Co
Sn—1 $ So
MSB position LSB position
A B

F D

&

13
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Subtracao entre 2 bits: meio-subtrator
A-B=A+B+1

A B Sub Vemil

=
0O 0 O 0

B G =
0 1 1 1

17 0 1 0 DC
11 0 0 D—EVem1

27
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O izagio de C tad I e
Prof. Fernando Osorio. SOMA e SUBTRACAO

FAD, | FADy |l .
poob
sel, | sely operacio descricio
0] 0 S=A+B+0 adiciona AeB(S=A+B)
0 1 S=A+B+1 adiciona A e B incrementado
(S=A+B+1)
1 0 S=A+B+0 subtrai B decrementado de A
(S=A-B-1)
2 11 S=A+B+1 subtrai B de A (S= A-B)

Agosto 2009
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L SOMA e SUBTRACAO
(HEESS======== s
Representacdo Numérica: Complemento de 2

Dados representados em complemento de 1: Inverte bits
Dados representados em complemento de 2: Inverte + 1

Valores Negatlvos' Complemento de 2 Decimal
— _ 0111 7
-1 => 0001 em C2=> 1111 o .
N 0101 5
Subtracao: 0100 T
8-3=8+(-3)=1000+1101=0101 oot 3
— — _ 0010 2
3-5=3+(-5)=0011+1011=1110 - 1
0000 0
sel, | sely operagio descrigio 1111 -1
0] 0 S=A+B+0 adiciona AeB (S=A+B) ::t‘)‘l} ’i
0 1 S=A+B+1 adiciona A e B incrementado 1100 =
(S=A+B+1) 1011 =
1 0 S=A+B+0 subtrai B decrementado de A 1010 —6
(8=4A-B-1) 1001 ]
2 1)1 S=A+B+l subtrai Bde A (S= A-B) 1000 =

Agosto 2009
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B ! ULA: SOMA ¢ SUBTRACAO

Qutput

[E]

30 1-Bit ALU (adder/subtractor) Co

Agosto 2009
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Opcode Carry-in

3

Ainput E/—)
12/

. 12
B input —/—b
Carry-Out
ALU Inputs:

> Carry-In (vem-um)

31
Agosto 2009

4. Unidade Légica e Aritmética (ULA)

Unidade Logico Aritmética - ULA

ALU OPCodes:
-Add
- Subtract
OuPl‘Pul - Multiply
- Divide

- Logical: AND, OR, NOT, XOR

> A (Accumulator), B: Data Input
> OPCode: Select Operation

ALU Outputs:

> X (Accumulator): Data Output

> Carry-Out (vai-um)

> QOutras informacdes de status:
Negativo/Sinal (N), Zero (Z), Carry (C),
Overflow (V), Underflow (U), Erros (E)

USP - SSC-610 — Eng. Comp. T1/2010-2
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Signetics
74181, LS1841, $181
Arithmetic Logic Units

4-Bit Arithmetic Logic Unit
Product Specification

Logic Products

FEATURES

® Provides 16 arithmetic
operations: ADD, SUBTRACT,
COMPARE, DOUBLE, plus 12
other arithmetic operations

® Provides all 16 logic operations
of two variables: Exclusive-OR,
Compare, AND, NAND, NOR, OR,
plus 10 other logic operations

® Full lookahead carry for high-

4. Unidade Ldgica e Aritmética (ULA)

Exemplo: TTL 74181 ALU

PIN CONFIGURATION

Unidade Logico Aritmética - ULA

LOGIC SYMBOL

speed arithmetic op
long words

32
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B [0 2] vee
A 2] 73] A,

- 21 2322 2120 WA
83 5] [z 8, 2.4 44 44
53 [ %, , c,.‘“o A18y AzB3 A3 By

- — Cava “w
s (5} [20] B, s —Ju A=nf— 14
o [6] [5]4, ¢ ~—so a1

- 5
¢a 7] 73, b : ol 1s
M (] 76 L T
%o (5] [€1Cn+a T 7 7
- - L] 10
¥, (1] B oo Lsaaros
Fo [ [i]a=8

GND 7z 3]s
Ghouzuas
Voo = Pin 24
GND = Pin 12
on
December 4, 1985 5-350
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Unidade Logico Aritmética - ULA

Exemplo: TTL 74181 ALU

MODE SELECT — FUNCTION TABLE -
8o [7] 2a] Ve
MODE SELECT INPUTS ACTIVE HIGH INPUTS A [7] 73] &
& OUTPUTS -
N s3 (5] [27] B4
agic Arithmetic™* <
i R R I 0 M=) (€= H) 2 [ 1 22
L L L L A A $1 ] o) 5,
L L L H A+B A+B So [5] mEs
L L H L A A+B -
L L H H Logical 0 minus 1 ] 2] 83
L H L L AB A plus AB M[E] 7] G
L H L H |8 (A + B) plus AB =
L H H L AeB A minus B minus 1 SOE EE""‘
L H H H AB AB minus 1 F [10] B
H L L L A+B A plus AB -
H L L H |AeB A plus B F2 A=
H L H L B (A+D) plus AB GND 12 [13]Fa
H L H H AB AB minus 1
H H L L Logical 1 A plus A*
H H L H A+B {A+B) plus A
H H H L A+B (A +B) plus A
H H H H A A minus 1

33
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Unidade Logico Aritmética - ULA

Exemplo: TTL 74181 ALU

ACTIVE LOW INPUTS
MODE SELECT INPUTS -
& OUTPUTS 8o [1] 2a] Vee
o ithmetic** 'S E 3] A
S| s | s | s | gede | artmetc ° ey
- — n 3 (3] [27] B4
L L L A A minus 1 -
L L L H |ZB AB minus 1 sz [<] 1] 3
L L H L |A+B AB minus 1 sy [5] 2] 8,
L L H H Logical 1 minus 1 :]-
L H L L |A+B A plus (A +B) So [€] [13] 45
L H L H B AB plus (A +B) Ca [ 7518
L H H L |AeB A minus B minus 1 = :]_3
L H H H |A+B A+B M [5] 7] 6
H L L L |AB A plus (A +B) Fol3 ¢
H L L H |AeB A plus B 0 = E_"”
H L H L |8 AB (A+B) Fy [io]} i5] P
H L H H |A+B A+B =
F
H H L L |Logicalo |A plus A* 2l E:“
H H L H AB AB plus A GND [77 1517,
H H H L AB AB plus A
H H H H |A A
L = LOW voltage

H =HIGH voltage level
*Each bit is shifted to the next more significant position.

< N in 2s notation.

Agosto 2009
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Gy M Ry By K B A By
Schematic 47 \L] ‘B] \A] \A]
74181 SUS
ALU ; 'S,
|g | I T S
. : ;
T |
AV E -
35 1 | [
Agosto 2009 Ty Fy A=B 23
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Hades, the Hamburg Design System, a framework for interactive simulation
HADES - JAVA Intercative Demo - Logic Circuits [
http://tams-www.informatik.uni-hamburg.de/applets/hades/webdemos/index.html

TTL-series 74181 ALU demonstration

Function selection logic functions | arithmetic functions
stasis | wew PR Tr——
G e Vai
e [ Venart
G [ Venart
. Carry Out e [ s 1
¥ Ca ‘oo Ve puas s
s oo (D | L 4w Len bmphor s PLUS A I8
o Result LA EE bk MBS L WS 1
. . Lo sean Va8 s 1
K R e [P
oo, " 3 PR [ bt LS 0t
L1l R sean so s s 1
I [ Lo
v A=B Flag Aa L w Fenarp bt LS
w o N EEER Lo o oL &
Carry In . IR Lan Vo s 2
@ e . comu mus 1
B> B
1=lngic/ 0 =arithretic CLA Ceneration

Agosto 2009
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SOMADOR: Defini¢cio em uma Linguagem de Descri¢io de Hardware (HDL)
c¢_l_addr.vhd => VHDL

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

ENTITY c_l_addr IS
PORT

(
x_in : IN STD_LOGIC_VECTOR(7 DOWNTO 0);
y_in : IN STD_LOGIC_VECTOR(7 DOWNTO 0);
carry_in : IN STD_LOGIC;
sum : OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
carry_out : OUT STD_LOGIC
)

END c_l_addr;

ARCHITECTURE behavioral OF c_l_addr IS

SIGNAL h_sum : STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL carry_generate : STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL carry_propagate : STD_LOGIC_VECTOR(7 DOWNTO 0);

SIGNAL carry_in_internal : STD_LOGIC_VECTOR(7 DOWNTO 1);
37
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SOMADOR: Defini¢ido em uma Linguagem de Descri¢io de Hardware (HDL)

¢_l_addr.vhd (Continuacio... Parte IT)

BEGIN
h_sum <=x_in XOR y_in;
carry_generate <= x_in AND y_in;
carry_propagate <=x_in OR y_in;

PROCESS (carry_generate,carry_propagate,carry_in_internal)

BEGIN

carry_in_internal(1) <= carry_generate(0) OR (carry_propagate(0) AND carry_in);

inst: FORiIN 1 TO 6 LOOP

carry_in_internal(i+1) <= carry_generate(i) OR (carry_propagate(i) AND carry_in_internal(i));
END LOOP;

carry_out <= carry_generate(7) OR (carry_propagate(7) AND carry_in_internal(7));

END PROCESS;

sum(0) <= h_sum(0) XOR carry_in;
sum(7 DOWNTO 1) <= h_sum(7 DOWNTO 1) XOR carry_in_internal(7 DOWNTO 1);
END behavioral;
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