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Agenda:

1. Arquitetura de Von Neumann:
Colocando o processador a funcionar
>UC
> Registradores
>ULA
> Memoéria
>E/S
2. Arquitetura do NEANDER
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CPU - Processador
Componentes:
|ustruction Register| Program Counter
ucC [Instruction Reg ste] [ Progrom Couster |
+1]
ULA
. [ ot | tnes 7
Registradores
Memoria
E/S
3
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Banco de Registradores

Unidade de Controle - UC PC: Program Counter
IR: Instruction Reg.
Opel‘acoes da UC: AC: Acumulador

-Busca da Instrucido: IR <=Mem(PC)
Instruction Register recebe o contetido da memoria apontado pelo PC (Fetch)

-Decodificacdo da Instrucdo: Load, Store, Add, Sub, Incr, Jump, ...
Conjunto de Instrugdes define as operacdes que o processador é capaz de executar

-Busca dos Operandos: AC <= Mem(++PC)
Realiza a leitura dos demais campos (operandos) que compdem a instruciio

- Execucao:
Manipulag¢io de dados para executar a instrucio. Exemplo:
ADD R,A,B 5 Soma Resultado R=A+B
ADD X 5 Soma Resultado Acumulador =Acumulador + X

- Seqiienciamento do Programa: PC++
Prepara a busca da préxima Instruciio
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Unidade de Controle - UC

Sequenciamento das Instrucées

Program Counter
0 15 = 64KBytes de Memor ia enderecavel

Program Counter:

- Busca a Instrucio

- Decodifica Instrucio:
- Incrementa Program Counter
- Busca Operando
- Incrementa, Busca, ...

- Executa a Instru¢do (armazena resultado)
- Proxima Instrucao
> Incrementa o Program Counter (PC++)
> Desvia para outro endereco de execu¢do (PC = End. de Desvio)
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Unidade de Controle - UC

CPU Instruction Set — Conjunto de Instrucdes

Cédigo da Instrucido (Operador) + Operando(s) / Dado

OPCode Operando
0 78 15
LSB MSB

Exemplo: Instrucgio de 16 Bits

Modo de Operagio e Enderecamento:

- Modo IMEDIATO: Load#01 Load #$A0 Load #°X’
Carrega o valor fornecido
Operando da instrucio é o proprio valor

-Modo ABSOLUTO: Load $0001 Load $A1B2 Load $1234
Carrega o valor de um endereco da meméria
Operando da instrugio € o endereco do dado
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Unidade Logico Aritmética - ULA

°"‘°‘:' i ALU OPCodes:

-Add

Ainput 12
- Subtract

= ouput - Multiply

Binput 2 - Divide

- Logical: AND, OR, NOT, XOR, SHIFT
Carry-Qut
ALU Outputs:
ALU Inputs:

> X (Accumulator): Data Output
> A (Accumulator), B: Data Input

> OPCode: Select Operation

> Carry-Out (vai-um)

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

> Carry-In (vem-um)
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Unidade de Memoria ‘ Memoéria com selegéao linear ‘

Enderego Write Dado de Entrada n Leitura
S N
Posigdo 0
/' |carga
1\ Dado
Posigdo 1 de
carga

§ Saida
Posicdo 2

L sl

0

Posigdo 3
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Write Da Da D Q
gate Word 0
CK CK CK
s e
Memoria __:L_rD/
warso U 9
-t b al—| o a}—| 0 @ e
0
Ay | 1, CK CcK cK
Ay = — 1L —-i—D 7
CS = I, i ng 1 (_J
— |— — select
RD O Aé—_ line D
OE = — O,
Vee — — 0, =5 L
Gnd = r—DQ—D/
Word 2 D
L. select .
Meméria 4 x 3: line DQ
4 Enderecos de oK
3 bits cada
Ll—D L
cs - RD—
Enderecos: A,.. A,
Dados (in): I .. 1, cs
Dados (out): O,.. O,
CS = Chip Select -
RD =Read
OE = Output Enable
© —
Agosto 2009 OE— 7 Quiput enable = CS - RD - OF
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Unidade de Memoria Static and Dymanic RAM
AQ — AQ —»|
Al —» K| ——>
A2 —— A2 —
A3 —— A3 ——
A4 —| I A4 —]
A5 ——= |t D1 A5 ——
RSl sizkxs |=—D2 o
A8 —| Memory | . p3 A8 —| Memory
A9 —— chip A9 ——-] chip
A10 —>] =1 A10 —] |« D
A1l —=  (4Mbit) |=— D5
A12 —— D6
A13 —
Al4 —| -~ D7 RAS —|
A5 —p=]
A16 —] L
A17 —»
T [ 11
CS WE OE CS WE OE
a (a) (b)

Agosto 2009 Fonte: http://www.carlosfelgueiras.hpg.com.br/Cursos/ArqComp/aula_5.html
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1. Memoria, Registradores e E/S

Memoria, Registradores e E/S

Fonte: Mark Balch - Complete Digital Design

MiCroprocessor

1

Arithmetic
Logic Unit |«
(ALU)
Clock » :
Instruction
Accumulator
(ACC) [ Fgg\cz;:d >
]
Memory
A[15:0]
Microprocessor D[7:0]
A A A A
ROM RAM l{e]
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Simple microprocessor

Microprocessor buses
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1. Arquitetura de Von Neumann

Arquitetura de Computadores:

Barramentos: Enderegos, Dados e Controle

CPU

(ALU,
Registers,
and Control)

Memory

Input and
Output (1/0)

System Bus

12
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Fonte: http://williamstallings.com/COA6e.html

Data Bus

Address Bus

Control Bus
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2. Arquitetura de Microprocessadores - Intel 4004

(I |
Intel 4004 (1971) \
16-pin DIP package

mds-4 |

| FOUR-BIT PARALLEL MICROCOMPUTER SET

-

P-channel Silicon Gate MOS
Minimum system: CPU and one ROM

4-bit parallel CPU with 45 instructions

. prog
General Purpose Computer
Set

=it ]

4-Bit Parallel CPU With 46
Instructions

Instruction Sel includes
Conditional Branching,
Jump to Subroutine and
Indirect Fetching

Binary and Decimal
Arithmetic Modes

Addition of Two B-Digit
Numbers in 850
Microseconds

z-nm; Dynamic Operation

10.8 Microsecond
Instruction Cycle

CPU Di Compatible
With llt:i'g:-«lmI ROMSs and
RAMs

Easy Expansion— One CPU
can Directly Drive up to
32,768 Bits of ROM and up
1o 5120 Bits of RAM

Unlimited Number of
Output Lines

Packaged in 16-Pin Dual
In-Line Configuration

o
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Features

)

Directly Compatible With
4004 CPU

Interface 1702A PROMs Directly
to 4004 CPU-- Completely
Eliminates TTL Interface

Permits Program Storage in
Alterable Memory

Execute MCS-4 Programs from
any Mix of Standard Intel PROMs ,
ROMs and RAMs

Expanded 1/0 Port Capability

Each Port May be Both Input and
Output - Up to 16 4-bit Input
Ports and 16 4-bit Output Ports

1/0 Ports and Control Lines
are TTL Compatible

Number of 1/0 Ports is
Independent of the Size of
the Program Memory

New Instruction WPM (Write
Program Memory) is Used for
Loading Alterable Program
Storage (RAM)
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2. Arquitetura de Microprocessadores - Intel 4004

g

TEST  AEGET
o

L  E—
AR
womtan | [ e — o= ]
: |
INTERMAL DATA BUS I
14

Figure 3. 4004 CPU Block Disgram
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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]
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Unidade de Controle - UC

Elementos importantes:

PC - Program Counter
AC - Accumulator
[51] IR - Instruction Register

Address Bus: 7 bits
Data Bus : m bits

Flags da ULA (S - Status)
Z - Zero C - Carry
N - Negative V - Overflow

Memoéria: RAM / ROM
System/User Program, Data,
Stack (Pilha), I/O, Interrupts

B
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C(EEETTS -
Unidade de Controle - UC

UProc - Elementos

PC - Program Counter
AC - Accumulator

1] IR - Instruction Register
SP - Stack Pointer

Ix - Index Register
A\ Muliplers BR - Base Registers

Address Bus: n bits
Data Bus  : m bits

Flags da ULA (S - Status)
Z - Zero C - Carry

N - Negative V - Overflow
P - Parity I - Interrupt

19
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Neander - Computador Hipotético [Weber 2001*]
Arquitetura: caracteristicas gerais

e Largura de dados e enderegos de 8 bits (bus)

e Dados representados em complemento de 2

e Acumulador de 8 bits (AC - Accumulator)

e Apontador de programa de 8 bits (PC - Program Counter)
e Registrador de Instrugées de 8 bits (IR - Instruction Reg.)

e Registrador de estado (flags) com 2 cédigos de condigao:
Negativo (N) e Zero (2Z)

e Enderegcamento de memoria total de 256 bytes

20
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* ftp://ftp.inf.ufrgs.br/pub/infl107
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[ Neander ‘o=

Juiho 2002
Autores:

Neander => Simulador WNeander

plEnd |Dado [Mnemanico | A Arquiva Editar  Wisualizar  Executar
o ———

FF T - |
2z, o wop ol
3 o wop ‘“5‘“-‘?5351-

i i i —Instrucdo: Oi
5 0 §op o
&/ o, NoP ol
7| o wop al
8 0 wop al
s o Wop ol
10| of Nep a
11 o wop al
1z, o NoE NOP 00 ADD 48 end JMP 128 end 12| al
13 o wer STA 16 end OR 64 end JN 144 end ol ol
vel 6l dos LDA 32 end AND 50 end JZ 180 end P —
15 o wop NOT % HLT 240 Ll

O L] Simuladores Didaticos |
21 BP: iﬁ [01: !D_ ftp:/ftp.inf.ufrgs.br/pub/inf107 1128} i_
ftp:/ftp.inf.ufrgs.br/pub/inf108
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Neander - Computador Hipotético [Weber 2001*]

sel

read
e
MEM
write
e
cargaPC cargaRDM
. RDM  |+——
incrementaPC cargaREM
cargaAC
—| AC
cargaRI
X opcode don't care
selUAL
—» UAL
cargaNZ
Unidade de Controle
l l l l l l l l l l l sinais de controle
ftp:/ftp.inf.ufrgs.br/pub/inf10 Versao Web: http://inf.ufrgs.br/~vbuaraujo/sw/neander

Agosto 2009
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[ Neander ‘o=
e

2002

Autores:

Neander => Simulador WNeander

ivo  Editgr  Wisualizar Executar W

—Execucio: o ofE
ui 9 Acessos: - l_ 0:
2z, o woe 2 o
3| o woe 3 ol
4l o wor 4 0
s 0 NoP 5| o
&| a0 Nop € ol
7/ o wor 7 o
8 0| Nop 8 o
s 0| NoP s o
10, of noe 10 ol
11| o nop 11, o
12| of Nop 1z o
13| of wNor 13| o]
14| o nop 14 o
15| a| wop 15| o

15| o Nop sl 15| ofM

23 BP: [ oo peskfo
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Evolucao do Neander... Ahmes, Ramses, Cesar

Quadro comparativo

Arquitetura | Enderecos | Dados Nro. Instrucdes | Registradores

NEANDER | 8 bits 8 bits 11 instrugdes AC, PC, IR, Flags (N,Z)
256 bytes | Compl.2 | (OpCode: 4bits) | REM, RDM

AHMES 8 bits 8 bits 24 instrugdes PC, IR, REM, RDM
(Neander ext.) | Flags (N, Z, C, B, V)
RAMSES 8 bits 8 bits Modos de End. | PC, IR, RA, RB, RX
4 modos x 16 instr. | Flags (N, Z, V, C)
CESAR 16 bits 16 bits Intimeras RO a R6 (uso geral)
64 Kbytes R7 (PC)

24
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Evoluc¢ao do Neander... Ahmes, Ramses, Cesar

HE EE 566

Execugio:
Acessos:

1€ it} -

BP-[25 oF IE__

Juho 2002

25
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Versdo: Fabi fugin D) Caciel
Win32
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Evolucao do Neander... Ahmes, Ramses, Cesar

Programa

L = (5
e o e

= S0: i i
Acessos: -| RI: II]
Instr.: -| Mnem: INI]P

[00 or| B S

Ok,

e —
13 nce B - —Moda 141
a2 i NOP O JMP 128 end | MO i
| STR 16 rend | JN 14 end 3 |
ol v Yl R 22 rend | vz e0 end |y 0l Ol
BP- 2—‘55 [0} l—m ADD 48 rend JC 176 end | 5 ldw n3 128} '_D

OR B4 rend | JSR 192 end

AND 80 rend | NEG 208 ; [ Regishador—
NOT 36 ¢ SHR 224 ¢ bh 2x Ramses ‘w2
SUB 112 rend | HLT 240 1B 37 [

I

26
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Versto: utla Auguito Del Cstel
W2
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Evoluc¢ao do Neander... Ahmes, Ramses, Cesar

Programa ® Dados [3¢]

plender. [Dado[Mnemdnico ~ |Ender. [Dada
1 0| NOP 1025/ 07
z| o| wop 1026 0
3| of wop 1027 o
4 of wop 1028 a
s| o] wop 1028 a
s o wop 1030 o
7 o wop 1081 a
8 0| Nop = - 1032 o
s o wop SR =l r g 1033 o
10/ of wop Acessos: _J Bt 4| 1034 a
11| o| wop T ‘ mil ﬂi ﬂl 1035 0
1z| 0| Hop - ! 1038 o
13| 0| NoR k. 1037 a
14 0| wor R: [0 1038 )
15| o] WoR i Mnem: [NOP 1033 ol

BP: |BS535 [o0p € = [o24x [0

A cesar16 o

Outubio 2005
Autores: Raul Femando Weber
Toisy Siva Weber
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Evolucao do Neander... Ahmes, Ramses, Cesar

Quadro comparativo

Arquitetura | Enderecos | Dados Nro. Instrucdes | Registradores

NEANDER | 8 bits 8 bits 11 instrugdes AC, PC, IR, Flags (N,Z)
256 bytes | Compl.2 | (OpCode: 4bits) | REM, RDM
AHMES 8 bits 8 bits 24 instrugdes PC, IR, REM, RDM
(Neander ext.) | Flags (N, Z, C, B, V)
RAMSES 8 bits 8 bits Modos de End. | PC, IR, RA, RB, RX
4 modos x 16 instr. | Flags (N, Z, V, C)
CESAR 16 bits 16 bits Intimeras RO a R6 (uso geral)
64 Kbytes R7 (PC)
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