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Agenda:

1. Arquitetura de Von Neumann:
ULA, Memoria, Registradores, UC e E/S
2. Memoria — Conceitos Basicos
- Flip-Flops, Registradores e Contadores

- Registradores: Acumulador

Registradores: Registro de Instrucio

Registradores: Contador de Programa

Registradores: Flags

Memoria: Barramento e Acesso a Memaoria
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Arquitetura - Modelo Inicial:

e Maquina de von Neumann

Memory

r Y

Arithmetic

Logic
Siatlue Unit

| Accumulator |

| Input | | Output |
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Refs: http://en.wikipedia.org/wiki/Von Neumann_architecture
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CPU - Processador

1]

2

Arithmeric / Lopic,
Unit
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Fonte: http://courses.cs.vt.edu/~csonline/Machine Architecture/Lessons/CPU/index.html
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(|
CPU - Processador

Registradores
[+1]

X

Registradores
Program Counter: PC  ( CP)

Instruction Register: IR ( RI )
Accumulator: Acc (AC) Uit
Status Register - Flags: Flags
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FLIP-FLOP RS Baisico Memoria de 1 bit

FLIP-FLOP RS FLIP-FLOP RS

8 Qi1 S 5 Un+1

Qa1 R Qnel

=] |
kd

w|

Qn+1 Qn+1

i —
S R Qn+1 Qn+1
0 0 | protida 0 0 | Qp Qp Latch (memédria)
01 1 0 Estado Set 01 0 1 Estads Reset
1 0 0 1 Estado Feset 10 1 0 Tstado Set
— . stado Se
1 1 Qp 9y Latch (meméra) 11 proibida
6
Fonte: http://endigital.orgfree.com/sequencial/sequencial.htm
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FLIP-FLOP RS Bisico

2. Memoria — Conceitos Basicos

Memoria de 1 bit

§=0 —>0—|

Agosto 2009

1 Q=0 Q(t-l) =0
0 _ Q=1
R=0 —>0—— Q=1
1
S=0 T>0—
0 Q=1 Qen=1
1 Q(t-l) =0
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SR LATCH (FLIP-FLOP)

SR latch operation
SR Action —5 QF
00 Keep state
—rR Op
01 Q=0
10 Q=1 The symbal for &
11 Restricted combination an SR fateh.

—><_

2. Memoria — Conceitos Basicos

S

SR latch

Q

=]

Memoria de 1 bit
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FLIP-FLOP RS com Clock Memoéria de 1 bit
s >0 Q
™, % P R =1* al-
L] _
® mlb- e WP
e
g RBe ©C o @
R _‘DO_ Q _'dr _TF 1 no change
1} 0 1 nochange
(7 TS | 1
10 11 0
S 1 1 1 undefined
1] 0 p  #ochange
Q ¢ 1 p 0 1
1 0 p 1 0
clock 1 1 p  undefined
- Flip-Flop:
. Q RS, RS + Clock,
9 D, JK, Master-Slave
Agosto 2009
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IR0 2. Memoria — Conceitos Basicos
D LATCH (FLIP-FLOP) |
p;—p s a—
—beK
Set RTL
‘ I
1
Q
D s al—
Data p ° o a O1 L Nek
— —_ R E_
Clock Clk o——Q T
|
D3 D s al—%2
B +SCK
e~
Clear/Reset |
ﬂ D¢ D s a—<9;
) . K CK
Memoria de 1 bits F‘aE—
Memoria de 4 bits
10
Agosto 2009




USP- SSC-610 — Eng. Comp. T1/2010-2
B 1 dorcs | 2. Memoria — Conceitos Basicos

Prof. Fernando Osério

Unidade de Memoria
| | ‘ Registradores de 1 bit ‘

colocar em 1

DC Set (PR)

entrada — D ler ﬂ_
Q D

saida
| | carga—{>CKk

Q’— saida complementada

DC Reset (CLR)

zerar J
_L,_

1
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Unidade de Memoria

o um ﬂip-ﬂop por bit ‘ Registradores de de varios bits ‘

* sinais de controle comuns a todos os flip-flops

CARGA
ZERAR

Quando 1€ as entradas ?
- nas bordas positivas do sinal CARGA

Quando zera todos os bits ?
- quando o sinal ZERAR passa de 1 para 0

12
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CPU - Processador

I Registradores
[+1]

X

Registradores
Instruction Register: IR (RI)

\|
Accumulator: Acc (AC)
Status Register - Flags: Flags Uit

13

Agosto 2009 Fonte: http://courses.cs.vt.edu/~csonline/MachineArchitecture/Lessons/CPU/index.html
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Registrador - Contadores
. JK master-slave sensiveis & borda de descida

Gl
HIGH HIGH

CLK

Cp g_ 0 | 1 | 0 | 1 I
1
Qy g0 0 1 1
1 2 3 0
14
Fonte: http://endigital.orgfree.com/sequencial/sequencial.htm
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Registrador - Contadores

flip-flops JK master-slave sensiveis & borda de subida do controle CLOCK

HIGH

JsErQ_QD JsErQ_Q] JSFQ—QZ
CLK

K.0 K. 0O K. 0

FFO FF1 FF2
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Agosto 2009 Fonte: http://endigital.orgfree.com/sequencial/sequencial.htm
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CPU - Processador

I Registradores
1]

. et | i
Registradores - |

Program Counter: PC

Arithmeric / Lopic,
Unit
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Fonte: http://courses.cs.vt.edu/~csonline/Machine Architecture/Lessons/CPU/index.html
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CPU - Processador

Banco
de L]

Memoria NI

Arithmetie | Logic
Unit
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Fonte: http://courses.cs.vt.edu/~csonline/MachineArchitecture/Lessons/CPU/index. html
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Unidade de Memdria ‘ Meméria com selegao linear ‘

Enderego Write Dado de Entrada By Leitura

Posigdo 0

I
)

carga

L
»—ﬁ Dado

Posigdo 1 de

_/ Saida
e >
——

Posigdo 3

carga

carga
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« I s T LT T,
gate Word 0
l—>CK CK r>CK
Memodria [; D
Word 0 t_J E—J
select D a— | +o a—| P q o
ore
Ay LI, l—>CK l—>CK
A, — -1, gD D
CS - 1, Word 1 E_J
RD — — 0, 2;:_ select +o al— | | +o q
OF 7 % bCK oK
Vee — — O, D == =
Gnd = '—|D°—i_\/ 4
Wolrd 2 (__J
t
Memoria 4 x 3: sﬁne; —D Qf —D Q
4 Enderecos de Lok Lok
3 bits cada D [ —
L—1
cs -RD—
Enderecos: A,.. A,
Dados (in): I .. 1, cs
Dados (out): O,.. 0,
CS = Chip Select .
RD =Read
OE = Output Enable
19
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Qutput enable = CS - RD - OF
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Unidade de Memoéria Meméria com selegdo matricial
(um “plano”)

2. Memoria — Banco de Memoria

| cccC O LLLL

20
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Unidade de Memodria

2. Memoria — Banco de Memoria

Memoéria com selegao de plano
(1 bit em cada “plano”)

Pl

P2

P3

P7

21
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(1 “plano” pode ser 1 circuito integrado de memoria “nk x 1 bit”)
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Unidade de Memoria

2. Memoria — Banco de Memoria

Static and Dymanic RAM

22
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AQ — A0 —
Al —— Al —
A2 —— A2 —
A5 ——= l— D1 A5 ——
R 7l sizkxs |=—=D2 = .
A8 —] Msn'llory |« > D3 AS —| Msmory
A9 — chip D4 A9 —»| chip
A10 — A10 — ~— D
211 —| (4 Mbit) |=~— D5
22—
A13 —»] ~— D6 _
ﬁ}tl—l-— |l—» D7 RAS —»|
5 —> R
R}B—h- CAS ——
T —
R T 11
CS WE OE CS WE OE

11
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Arquitetura de Computadores
MiCroprocessor
Arithmetic
Logic Unit |«
(ALU)
Clogk » : Simple microprocessor
Instruction Program
Acc;rgglamr |« Feichand €3 Counter
( ) Decode (PC)
]
Memory
A[15:0]
Microprocessor D[7:0]
Microprocessor buses
A A A A A A
ROM RAM l{e]
23
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Arquitetura: Von Neumann x Harvard

Data B-bils Maiquina de Von Neumann
D Program Soe
CPU Address 12-bits 9 Instrugdes:
<«—r > and Operador + Operando
Data
M 1AS
emory 8 bits - Operagdo (OPcode)
12 bits - Operando (Enderego)
The given bus widths are examples only!
Arquitetura de Harvard
_ Program 14-bis _ Duin gbiis - Separagdo entre memoria
Data d -
Address 12-bits| CPU Address S-bits Memory € programa € memoria
Program i i de dados
Memor . <
¥ - Busca de instrugdes e
operandos pode ser
simultanea (barramentos

24 The given bus wigihs are examples only! separados)

Agosto 2009
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Arquitetura de Computadores:

Barramentos: Endere¢os, Dados ¢ Controle

CPU
(ALU, Memory Input and
Registers, Output (I/O)
and Control)

Data Bus

Address Bus

System Bus

Control Bus

25
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Arqllitetura de Computadores Eight-bit computer block diagram
« » D
D[7:0] D[7:0]
I S—Y
A[15:0] A[12:0] L 2107, 11| T ———
s »l op+ BKx8 Address Bus
Address - » CS" —_—
Decoding gg?* Data Bus
Logic -
MPU Csz /D _
D[7:0] Control
- A Signals
w2 EIE‘A:"
5 ¥
AD- o=
WR »> WR
cs*
< » D
- NTR" D[7:0]
e ep A
Al3:0] Serial
CLK RST" RD*  Port
» WR* Cntrl
il Reset > Cs
Glock: Circuit
26 Circuit INTR™

Agosto 2009
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Unidade de Controle - UC

- Responsavel por gerar todos os sinais que controlam as operagdes no exterior
do CPU, e ainda por dar todas as instrucdes para o correto funcionamento

interno do CPU [UC é o "Maestro da Orquestra"];

- Junto a Unidade de Controle temos um decodificador de instrucdes, que
analisa e decodifica o Operador da Instrucio (OPcode);
- A unidade de controle executa trés acdes basicas intrinsecas e
pré-programadas pelo préprio fabricante do processador, sio elas:
(i) busca (fetch)
(ii) decodificacao
(iii) execucao
- Assim sendo, todo processador, ao iniciar sua operagio, realiza uma
operacio ciclica, tendo como base essas trés acdes. A unidade de controle
usualmente € fixa, onde esta define 0 Conjunto de Instrucdes do Processador:

2 CPU Instruction Set

Agosto 2009
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Unidade de Controle - UC

Show time...

1]

2

Arithmeric / Lopic,
Unit

28

Agosto 2009 Fonte: http://courses.cs.vt.edu/~csonline/Machine Architecture/Lessons/CPU/index.html
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Unidade de Controle - UC
CPU Instruction Set

Codigo de Instrucdes

Operador da Instrucio + Operando(s)

OPCode Operando
0 78 15
Exemplo: Instrucio de 16 Bits

Tipos de Instrugdes...
Arquiteturas de 4, 3,2, 1 e 0 enderecos

Tipos de Instrugdes... Conjunto de Instrucdes Microprogramado
Tipos de Instrug¢des... RISC, CISC, VLIW

Tipos de Instruc¢des... Modo de Enderecamento

Tipos de Instrucdes... Instrucdes de Controle, Privilegiadas, etc.

29
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« : =
- ¢S4 ]

|
Intel 4004 (1971) | FOUR-BIT PARALLEL MICROCOMPUTER SET .
16=pin DIP package - .

P-channel Silicon Gate MOS
Minimum aystem: CPU and one ROM
4-bit parallel CPU with 45 instructions

® Microprogrammable
g:'nunl Purpose Computer . W:M':gpﬁnmmm» With

)

Features

® Interface 1702A PROMSs Directly

= 4-Bit Parallel CPU With 46
to 4004 CPU-- Completely
:::me::“'s e Eliminates TTL Interface
= Instruction Sel Includes
Conditional Branching, ® Permits Program Storage In
Jump 1o Subroutine and Alterable Memory
Indirect Felching = Execute MCS-4 Programs from
= Binary and Decimal any Mix of Standard Intel PROMs,
Arithmetic Modes ROMs and RAMs
= Addition of Two B-Digit = Expanded I/0 Port Capabili
Numbers in 850 pa pability

Microseconds Each Port May be Both Input and

Qutput-- Up to 16 4-bit Input

= 2-Phase Dynamic Operation Ports and 16 4-bit Output Ports
® 10.8 Microsecond
Instruction Cycle = /0 Ports and Control Lines
» CPU Directly Compatible are TTL Compatible
With MCS-4 ROMs and = Number of I/Q Ports is
RAMs Independent of the Size of
. annllmn-lnn—omcﬂl.l the Program Memory
can Directly Drive up to
32,768 Bits of ROM and up ® New Inatruction WPM (Wiite
1o 5120 Bits of RAM Program Memary) is Used for
= Unlimited Number of mm ?th:lr:hll Program
Output Lines 9e )

= Packaged in 16-Pin Dual
In-Line Configuration

Agosto 2009

15



31
Agosto 2009

USP- SSC-610 — Eng. Comp. T1/2010-2
Organizacio de Computadores I
Prof. Fernando Osério

3. Arquitetura de Microprocessadores - Intel 4004

Frrr

ACEB
BUFFER REG.

4 128IT
OYNAMC

INTERMAL DATA BUS

Figurs 3. 4004 CPU Block Disgram

USP - SSC-610 — Eng. Comp. T1/2010-2

Organizacio de Computadores I
Prof. Fernando Osério

S DIRECTIONAL
A DATA B3

3. Arquitetura de Microprocessadores - Intel 4004

.

SYNC 41 82  MEMET

- HNT)
INTERNAL DATA BUS INTERNAL DATA BUS
C =1
[ - “ e )
> »
ACCUMULATOR INSTRLCT IO STACK REGHTER
1 - ! W CLTER o — UL TLENER -y
LAG « FROGAAN COUNTER - 0
L FLOeS z ) L]
H uveLNo 1 T IE o
WE T ANETRUCT 0N g Lo -
| 1 Coms CECODER § UL ND. 2 | ol - &'
T ..l s ! ey s
T f—| eveLl LEVEL MO 3 ., -1 v
— fo0REs ; Rl O L
- - sTack -
! 'ﬂl I‘IGI
DECIMAL 12 g
I‘I. "
<5
| newg TAATCH
] AD ra
ORER o
UL S
CONTROL SYNC CLOCK
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3. Arquitetura de Microprocessadores - Intel 4004
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(EHEESS s
Intel 4004

Busicom - Nippon Calculating Machine Corp changed
its name to Business Computer Corporation,

was a Japanese company that owned the rights to

the first microprocessor but sold them back to Intel.
They made electronic calculators and the first using the new
Intel 4004 processor was the Busicom 141-PF[1]

[
>4
*
L
]
-
*
-

20084500
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