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Introducao a Arquitetura de computadores
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Uum pouco de

HISTORIA

Steve Wozniak, Steve Jobs, and their Apple I (1975).

1971: Intel fabrica o 12 microprocessador
(4004), 4-bits, fabricado a pedido da
DataPoint (objetivo: substituir a CPU dos
terminais inteligentes).

1972: Intel desenvolve o (8008), uP de 8-bits,
capaz de enderecar 16 Kbytes, mais
velocidade.

1973: Intel lanca o (8080), 500.000
operacoes por segundo, endereca até 64
Kbytes de RAM.

1975: Lancamento dos pP 6501 e 6502 (MOS
FETs), reduzindo os precos e gerando o
CAOS...

1976: Zilog lanca o 280, uP de 8-bits, mais
poderoso, até 64 KBytes RAM, 176
instrucoes.

1976: Surgem os uC’s.

198x: Ruptura na evolucao dos puP x uC. Os
MC incorporam capacidades para interagir
com o mundo fisico em tempo real. Os uP:
melhores capacidades para lidar com
grandes volumes de dados.




antes de |980...
Os chips eram desenhados de forma manual!

Detalhes:

fransistors
10 Billion

Moore's Law

1 Billion
100 Milion

10 Million

1 Million &

e — N

100,000

10,000

1.000




Vss 14 40 — RES
RDY —m— 2 — -39 ——» QZ(OUT)
34 35 4— S.0.
B e 4 37 —4— & (IN)
P N.C. -36 N.C.
(4 4 ® ] ( o — N 35 N.C.
classico cll @& ! TN, B
‘ Vee g4 - 33——» D0
A0 4—— 9 6502 -32—4—» D1
A1 4—10— 31 —4—» D2
) A2 4—— 11 CPU -30—4—» D3 DATA
e Lancado em 1.977 (40 anos atras); (2% 0

e 1981: “upgrade” para Apple ll+;
e uP 6502 @ 1,023 MHz:
8-bits; 40 pinos; 4.529 transistores;

e Um Xeon de 2015 possui
2.500.000.000.000 transistores.

e Capaz de enderecar até 2216 = 65.536
posicoes de memaoria, ou
64 Kbytes de RAM nativo (barramento
de enderecos de 16 linhas: A15 ~ A0);
3 slots para bancos de RAM de 4KB ou : i |
16 KB. |2 ;T_“._ et ___]-',,,. ,:» :

e ROM de 16 KBytes: Apple DOS + Basic; . ' ' l ' . ' E ' AR

o Expansivel até 1 Mbyte, com cartoes R
extras > Exige: 20 linhas de — -2 i-_i‘a'i'i‘ﬁja'ﬁ'ﬂf,.?;f..'-"f- -
enderecamento (2220=1.048.576 / 210 = : e
1.024 K/1024 =1 M). T

AR RRR AN RN RAA S
LR RNELS




O “classico” Apple |l

Execucao de Binarios:

i=1; j = 1; |High Level Code
while (true){

dyalet = f41 - 1101001110100000
.Vfl. ._1. J.' 8000080000800001
] = 1+(1=]);} | | 1101081110100008
| 1 8901686000800001
1101680010800009

mov r0,#1 80100800008G000A
rl,#1 1101010110800011
801008000HAA0DHA

1161681010800011

rz,ro,rl 8011080000800168

str r2,[r3] 1101080110100008
add r3,#4 800008300HAA000 1
1101086110100068

mov ro,rl 9601088006900010
rl, r2 16011161011111111
1111111111111001

Assembly Code  Binary Code



PRESS REETUREN T0O BEGIN.
i .ﬁﬁ

L

|

—_aRASTLE BY SILAS 5. HARNER

TMJoLFeEnsTEIN

MUSE. sorruare

APPLE Il

L — — Virtual ][ is a program that emulates the vintage Apple I
Apple 11 (1976) computer on your Mac (http://www.virtualii.com) 6



http://www.virtualii.com

kit
Mprocessador 8-bits

~ w@- %

Interface com usuario:

o

B WIEeS T pEm————_—__
D B s Bl

=

teclado hexadecimal

o

6 x Displays 7-Segmentos (hexa)

ST WA
G 4»

L -

“Build Your Own KIM-1 with Ruud
Baltissen” —> http://Iwww.6502.0org/
trainers/buildkim/buildkim.htm

Repare:

| /

Endereco : Conteudo

(Instrucao ou Dado)



http://www.6502.org/trainers/buildkim/buildkim.htm
http://www.6502.org/trainers/buildkim/buildkim.htm
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] | I | [ | S 4 | 3 | 2 | 1
uge
R7_18K ~p M 2 q
2 3 a
jg ?
kS Rz R1 R2 R4 K25 &
e R2S5 47K 5 VRC
R a3 aKa aKa ks —2— 4 g
ui " d g
2z ToTh—2 vl 2
D422 s R13
Dz a1 b RRTH—& i |:| P e R18 RA1 R19 R42 R2B R43 R21 Ra4 R22 R4S R23 R4E
D1 38 53 < 224 1K 228 13 228 1K 224 1K 226 1K 226 1K
- TRTp—4 TE €3 26nF c c c ¢ c c
2z e FEsD-4a -l at 0z B3 a4 as as
o 26 BS - o 1r 2NS3T5 2NS375 2NS37S 2N5375 25375 2NS375
U1EF Ui16E ) o
o s 3 N E 3 3 3 E 3
8 H cLkz |24 13 o2 14 18 LLKR | |
A N THE—2 ala 14|
04 H Ly |—2 7484 7404 1 (e u
61 - [TEZ o [+ TRIG—E& wee . [ J— . .
:rd 7 cLkp | —21 1| [F— THC cTRL [—3 ?) } | | E : :
- a =5 c =
B3 3 CLK1 1 mhz . KT o 0 ot 0 0
211 i syNe —Z L RS2 226K : L] e ase 2E I | £ 2E 2E
013 12 col—2a RO UTSA G
[ 614 24 13 —_uzse L |
a1s 25 Rid U324 THl—12 LED-COMT ANGDE
— pr
t562 o TRIE—2
11
2 2 >c 4 El a_ b CTRL u17D
p1e
; 2 RES %] K4 KS KE K7 Ke Ko PR 3 3 R”:”'J__
A48 15 @ Faa4 556 2 T4 S 4 ST i s T e
[ a1 14 | s R33 Se@ f f f ( ( f Eug |
ST o Ser—c» | paney " ut7e 7486
1z g KB u1EC t K18 K11 K12 K12 K14 K15 K1E p2i B2
K7 e T e e B e i T e I e I | pas 5 3 —5 £}
g N 5 >C £ RAT BLI1
) S K17 K18 K19 K28 K21 K22 K23 7406 u17Ee
74145 7404 2 7T 4 | P S P S T 1 T 1 Tt T 1
— [ — — [ — L 14 R3
L DECEN { HE uce
FA1
c ez | ) 7486
[+ Eax R29 B2
uz . e 2
T T T 1z FEE |
1 13 B Ela | 7439 ut7e
2 EIE_J R22_ B2
pRp—2 Eao | YED | pa2 3 4 —3—o |
1 a PR (48 PO1 7400
[ as ) FRo| 22 PA2 |
- T PR2[32 Fo av | ut7F 748E
I i a7 PR« | 2N33 71
= T FR4, R R
- —E e S . 7aze p— K
3 PRE 1
K3 13 .o, PR? B . re CR4 CcRS pSR 2k2 7496 u17R
o = S0 5 a c 1A 3 FRA 1 2 st:sz'_B__
TZ6C R 1NI14 1NI14 snr
— AR 13 n
LKz - RS 10K
SV M PBB . GND LT =K II AUDIN | 74BE
»—355—15—&? PE1 uce ‘1{‘;“ 1f UR1
= FB2 g o
22 by [ 2 R1E Roz a1 Li
1
28 [ PES 7404 o —
23 b3 IRaPET 1T o cid c1e ca c12 ci4
 Cm— T uzs 4
g—f;, zz 1z { 2 Eng EnE 6nE A47nF nF = c1a
- |
1 L |
£578 I | s R1t 16K |R18 1ok | RS 18K THEEE -
7430  — - — "
211
U3 U?C 3 V{
15 | GND
8 v 18 R33 47 aun L |
13
12 B2 pnp|—2Poa K] _L VEL
3 PR1—32 EA1 GND uce 12U
- — PR3 ] R34 ot oo
- " RS A v 2Kz su 120
L N
|8k PR32 A5 R48 560 c4 ""”F RE 2K2 N 18 he =y
PRE [—12PHE { 1 { L] 12 Ne p-Ede 14 Fog
KS 1@ . FR7 a 95 BT [T 4
114 by PR A3
K& 4 b &)
M 2 1 S [T:] as
clgz 3 04 11 | [ P
LKk2 D4 AG
[ B AT 9 Eon peal—25PEQ ] 18 he | 07 a7
| FES 16 Po1—2tEB1 0% _—g B4
| 19 2 pp2 (23 EB2 ] 7 e1
01 2 0% S P . 58 B2
0z 31 1 (454 13 _FBS -3 = @ t) =] o o o 2] o 1 | PE4 =4
T FE3 2 o 2 o ] 2 9 I o Iy 3 o o H [ pes B
04 25 | 4 ES
ha 1R0/PE7 }—IZ—EET =1 =1 =1 =] N a =1 o o :ES 4 PE BT
0s 22 " -]
TR n 0 w ® » » " " =n a1 oua
07 28 he ] [ g g g g B g g &:h 7 a0 U2
+ + < + <+ + + = u:E } RUZ ou3
6538 A\~ A~ ~ Y ~ - A~ e | EAG 1
1@ £ 3 Rore
o 11 _— oLC
o e of o 1w o 4 12 - 2—FaLg
M feos 1 £OL
2L + 3 ng 2 = 14 2 = 14 aa = 14 La 14 = 19 ng 2 e 14 2 = 14 0@ 2 L2 14 10 . Fae oLG
ot e DI ) 3 01 e DI ot e DI B [3 CLi2
Hi-g 1 2 1 a1 1 1 : 1 -3 1 & 1 -84 1 L o 1
A U1EA 7408 BE 12 2 1 i N 12 = 12 2 12 RS 12 3 2 1 ) 2 12 il 2
f2 S 3 oo P ER] B 3 o 3 oo E 3 oo 2 s 3 oo £ Hs oo gt 3 oo ST 7Y 3
K4 1 [ RS W = = [ a5 1z = [ RS W = =H 5 :E T ifis =
Che 1 B0 13 e [aE : [HE H - T — 13 T =
=iy AT AT Ly a7 16 [ e e s AT A A7 1e 1 AT Ly a7 16 [ ﬂ_g R PR _ L
R 15 R ] 2215 g 2E 8 ] B2 S ] e £y TR_R
A3 14 A3 14 A9 14 A3 14 A3 14 A3 14 Y o
ha a |83 14 pq 3 a ha ] |83 14 pq o< T = en
e poiL B0_R
—Eopr roao—32 g ROl —EorT pa—2 —E-gT RO —igr rAa—2 —Eopr roao—32 —i-grT RO —EorT ea—2 oL —evne o H LOZH
E162 E162 £182 £162 £1az €102 €162 £182 CLET S0 [aunt Uk
OECE
e AN ECEN
—=2—%ND NO
I RRMRL KIN_ER KIN_AFFL
GND
L] T ol T 1 T =1 £ T k] T T 1

Diagrama elétrico do kit KIM-1 (exemplo)
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c13

22nF

" General purpose phase locked loops

linear voltage controlled oscillator OU
“VYCO” (CI Obsoleto nos dias atuais).
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Codigos Hexa

Endereco do programa Linguagem Assembly

Exemplo de codigo:

0200 A2 EA LDX SET NO. OF LOOPS FOR 1 SECOND

2 CA DEX
N 3 A5 60 LDA STORE HOURS IN Fb
- . e 5 85 Fb  STA
::: 7 A5 61 LDA STORE MIN'S IN FA 1‘::
— 3 9 85 FA STA
= ~ b A5 62 LDA STORE SEC'S IN F9
- - d 85 F9 STA
—
Lad ; F 86 63 STX SAVE X
—d . 11 84 64 STY (NOT NECESSARY, FILLER) HR MIN SE(
-_ 13 20 1F 1F "SCANDS" (DISPLAY TIME) 10 10 0 !
: 16 A6 63  LDX Fb FA P!
18 Ad 64 LDY (0060) (0061) (00«
| 1A EO 00 CPX TO LOOP (TO 0202)
i 1C dO0 E4 BNE
1% . 1E F8 SED SET DECIMAL MODE TO AVOID HEX DIGITS
1F 38 SEC SET CARRY
20 A9 00 LDA
22 65 62 ADC ADD A+C+M-->A (0+1+SEC-->ACC.)
24 85 62 STA STORE IN 62 (SEC) (ACC--> 62)
26 d8 CLD CLEAR DECIMAL MODE FOR "SCANDS"
27 C9 60 CMP TO LOOP (TO 0200) (RESETTING LOOP FOR NEW SE(
29 d0 d5 BNE
2b F8 SED
2C 38 SEC SAME AS SECONDS
2d A9 00 LDA
2F 85 62 STA RESET SEC TO 00
31 65 61 ADC ADD 0+1+MIN-->ACC
33 85 61 STA STORE IN 61 (MIN) (ACC-->61)
35 d8 CLD
36 C9 60 CMP TO LOOP (TO 0200)
38 d0 Cé6 BNE
3A F8 SED SAME AS MINUTES
3b 38 SEC
3C A9 00 LDA
Exemplo de kit de microprocessador 3E 85 62 STA RESET SECRIOME
40 85 61 STA RESET MIN TO 00
de 8-bits: “Kim" (Keyboard Input Monitor) 42 65 60 ADC ADD 0+1+HRS-->ACC 13
44 85 60 STA
46 ds8 CLD FOR 24 HR CLOCK
47 C9 13 CMP 47 C9, 24

49 d0 bbs BNE 4b A9, 00



0200 A2

Endereco do programa

emplo de kit de microprocessador

de 8-bits: “Kim" (Keyboard Input Monitor)

Codigos Hexa

Exemplo de codigo:

1IE

Linguagem

LDX SET NO. OF LOOPS FOR 1 SECOND
DEX
LDA STORE HOURS IN Fb

STA
LDA STORE MIN'S IN FA 4‘::
STA

LDA STORE SEC'S IN F9

STA
STX SAVE X

STY (NOT NECESSARY, FILLER) HR MIN SE(
"SCANDS" (DISPLAY TIME) 10 10 0
LDX Fb FA F
LDY (0060) (0061) (00«
CPX TO LOOP (TO 0202)

BNE

SED SET DECIMAL MODE TO AVOID HEX DIGITS
SEC SET CARRY

LDA

ADC ADD A+C+M-->A (0+1+SEC-->ACC.)

STA STORE IN 62 (SEC) (ACC--> 62)

CLD CLEAR DECIMAL MODE FOR "SCANDS"

CMP TO LOOP (TO 0200) (RESETTING LOOP FOR NEW SE(
BNE

SED

SEC SAME AS SECONDS

LDA

STA RESET SEC TO 00

ADC ADD 0+1+MIN-->ACC
STA STORE IN 61 (MIN) (ACC-->61)
CLD

CMP TO LOOP (TO 0200)
BNE

SED SAME AS MINUTES

SEC

LDA

STA RESET SEC TO 00

STA RESET MIN TO 00

ADC ADD 0+1+HRS-->ACC

STA
CLD ~ FOR 24 HR CLOCK
CMP 47 C9, 24

BNE 4b A9, 00
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O uP 6502
(Aplle 1)

8-bits;
4.528 transistores
(Xeon yP: 2.500.000.000 transistores);

’

Vss — | 40} RES
RDY 2 39+ @2(0UT)
@, (0UT)H 3 381 S.0.
IRQ 44 37 @p(IN)
N.C. 45 36 N.C.
NMI {6 35| N.C.
SYNCH 7 34 R/ W
Vce - 8 331 DBO
ABO -9 32 DBI
ABl <10 3|1 DB2
AB2 I 30—~0B3
AB3 HI2 29~ DB4
AB4 13 28+~ DBS
AB5-14 271 DB6
AB6 15 26— DB7
AB7 16 25} ABI5
AB8-I7 24} ABI4
AB9 I8 23 ABI3
ABIO- 19 22+ ABI2
ABlI1+420 2l Vss
MCSE502
—

DIP 40 pinos, TTL, RC or Crystal Time Base Input!”7



Registradores, Flags

O uC 6502 inclui:
registrador principal A (Acumulador);

2 x Registradores de Indexamento (X e Y);
registrador Flag de status de 6 bits:

registrador de pilha (stack pointer): S;
registrador contador de programa, PC, de
16-bits (2"16=65.535 bytes);

Existem implementacoes do uC 6502 em
FPGA funcionando perfeitamente a 200 MHz

(originalmente, 1978: 20 MHz). > http.//
iocoder.org/6502computer/ (Acessado Jun/2015)

Grupo de Visual Transistor-level Simulation

of the 6502 CPU and other chips! > http://
www.visual6502.org (Acessado Jun/2015)

Vss 41| 40| RES
RDY —H 2 39 @2(0UT)
@,(0UT)H 3 38} S.0.
IRQ 44 371 @p(IN)
N.C. 45 36— N.C.
N. C.
|N v |B I|Z|C R/W
DBO
. DBI
Negative
Overflow DB2
Future Use DB 3
Break command
Decimal DB4
Interrupt disable DBS
Zero 086
Carry DB7
—T AB7 16 725 ABI5S
AB8—I17 24+ ABI4
AB9—+IB 23+ ABI3
ABIOHI19 22+ ABI2
ABlII—H20 2l Vss
MCS6502
’ *

DIP 40 pinos, TTL, RC or Crystal Time Base Input!8



http://iocoder.org/6502computer/
http://iocoder.org/6502computer/
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Overtlow no uP6502 (3-bits)

, f\ carry from Carry in
ALU circuit - overflow circuit C bit e C -

carry6 o &
M m mmmmmm

a7 nor7 ¢ 1 7 2, ,
7D° boverﬂoww) ninnnnnnn

b
| 1| 6 5 yA 0O

b7
-€.,5.5,5.5,5,5,5 5,
carry
* M
r__., 8 possibilidades.
4
_ Para conjunto de 8-bits, ha o bit de Carry-out (C7),
| [® o maior bit resultante de uma soma (S7) que
T8 também é o bit de sinal.
‘ € O OVR ocorre para 4 possibilidades de
= K argumentos envolvendo sinais (positivo+positivo,
Cp positivo+negativo, negativo+positivo,
_"'.‘.. The diffusion layer of the ~ Negativo+negativo) e deve prever ainda o carry-in
6502, zoomed in onthe  (C).
< .11/ overflow circuit.

Ref.: http://www.righto.com/2012/12/the-6502-overflow-flag-explained.html 19
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f\ :'arry From carry in
it 6
¢ c“

Overtlow no UPéSOZ ( mé?mémgmm,)m? mm

2
ﬂ_, n n‘_) nnnhn HO
€.6.66.65,56, 65,

ALU circuit overflow circuit oo:;rs

carryb

g; Dmﬂ ! >D Definicao mais comum:
overflow (V)
g; ) nand7 ' 'D:)’ V=0 ®Cr

Uma segunda equagao leva em conta se os

E— — bits de sinal (M7 e N7) estaoem O e o
8 possibilidades. carry-in esta em |, ou se os bits de sinal
Para conjunto de 8-bits, ha o bit de Carry-out (C7), o estao em | e o carry-in em O:
maior bit resultante de uma soma (S7) que também é — _
o bit de sinal. V:(M7'N7‘C6)‘|‘(M7’N7'C6)
O OVR ocorre para 4 possibilidades de argumentos Manipulando a equagio usando De

envolvendo sinais (positivo+positivo,

positivo+negativo, negativo+positivo, Morgan:
negativot+negativo) e deve prever ainda o carry-in -
(C): total > 8 combinacoes. V = [(M7 + N7) . 06] -+ (M7 . N?) + Cs

Ref.: http://www.righto.com/2012/12/the-6502-overflow-flag-explained.html 20
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O
Overftlow

Existem apenas 6 instrucgoes

(Assembly) que afetam o bit V:
ADD, BIT, CLV, PLP, RTl e SBC.

CLV = ClearV;

PLP e RTI atualiza valores do
registrador de Status (Flags) a
partir dos valores do
registrador de Pilha (Stack),
afetando o bitV;

beracoes gue afetam o bit de

BIT: relacionado com
instrugoes de salto (Branch-If-
True);

ADC: adicao e SBC: subtracao.
Os resultados destas
operagoes ficam no
Acumulador.

1 Byte: 256 combinagoes >
$00 a $FF (numeros sem sinal)

21
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Arguitetura interna Pentium [V

Core clock Instruction TLB Predictor: 4096 entries

Dynamic Branch

> Instruction Decoder

h 4
Micro Code Execution Trace Cache
ROM/
Micro s
Instruction

Sequencer

Allocate Resources f Rename Registers

Integer IF Ioating Poirt gOP Queue I | Memorx EOP Queue I

v w Integer Schedulers v
Slow Int Fast Int Fast Int Memor
>

Floating Point Schedulers
FP Gen FP Mem

Inter Register File

Bypass Network

Floating Point Register File

Slow ALUR| [2xALUR [[2xALUR |12xAGUR  [2xAGU

Store Load FP Store

Simple§ | |Simple Address Address FP Move
Instr. Instr. Unit Unit

Complex
Inst.

256-bit wide - Core Clock L1 Data Cache 8 KByte

Hardware Data Prefetch 4-way dual ported

23



i N6

isimwave

Eile View Tools Help

&[] ¥ &N A

PP X }([kg

Current Simulation

Time: 900 ns

X axl[7:0]
X axh[7:0]
_X ay[7:0]
_X aop[7:0]

1 cin

Ul rep
_X azl[7:0]
_X azh[7:0]

e

U:

Uln

v

o |

Simulacao da ULA do uC6502

8hFC(

8'hFC

8hFF(

8'hFF

8h01(

8'h01

8h00 { 8h01 X 8h02 X 8h04 X 8h08 X 8h10 X 8h20 X 8h40 X 8h80 X &

'h00

0

0

8h00{ 8hFD X 8hFA X 8hF8 X 8h7E X

8'h00

8'hFD

'h00

8'h00 { 8'hFF ¢ 8'h0o

e

8'hFF

S S

'h00

e e

0

0
0
0

Bl 3l
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Ciclo de Busca e Execucao de uma Instrucao

(Fetch & Execute)

Address Bus while running
00 ) o7 0100 | | g ot inetoot ion

increment program counter (PC)

. | < decode instruction
Data Bus

while operands needed
fetch operands
increment PC

Instruction Pointer Decode Unit
General Purpose Register AX :
: : Execute Unit endwhile
Instruction Register
L — T

execute instruction

end-while

25



registros
gerals

barramento
interno

Operandos

geracéo de
endoregos

Instrucao:

Onde:

CS

‘contador de
programa

i

fila
Instrugdos

ADD AX,[DS:DI]
ADD op1, op2faz: op1=op1+op2;
AX, DS e DI sao registradores gerais.




/o)

Arquitetura tipicas de computadores

Modelo Von Neumann x Harward

27



Arquiteturas
Von Neumann x Harward

Dados
+

Programas
(misturados)

Data
memory

O Instruction
lfipiig— CFU i

Arithmetic/ >
Logic Unit

- — Control Unit @
110

Mais recente;
Aqui, a maquina possui 2 memorias diferentes
e independentes em termos de barramento e

Mais antigo: 1945... ligacao ao processador (0 acesso a memoria
Aqui a maquina armazena seus programas no de dados de modo separado em relagéo a
mesmo espaco de memoria de seus dados; memoria de programa)
Adotada na maioria dos uP’s; Prioridade: colocar o uP para trabalhar +
rapido;
Adotada em microcontroladores como: PICs,
DSPs, ARMs.

28



https://pt.wikipedia.org/wiki/Barramento
https://pt.wikipedia.org/wiki/Processador

Arithmetic/
Logic Unit

Desvantagem:J
barramento comum de

enderecos e de dados.

v
E processada uma unica informacgao por vez, visto que,
nessa tecnologia, execucao e dados percorrem o mesmo

barramento, o que torna o processo lento em relacao a
arquitetura Harvard.

Usam memoria cache para tentar melhorar a velocidade.

Instruction
memory

linhas distintas de enderecamentos e dados (um
conjunto para programa e outro conjunto para dados);
Obs.: as larguras podem ser diferentes!

Caracteristica principal:

Proporciona maior velocidade de processamento, pois,
enquanto a CPU processa uma informacao, outra nova
informacao esta sendo buscada, de forma sucessiva.

O uso da arquitetura de Harvard tem espaco de codigo e
de dados, distintos: o endereco da instrucao zero nao é o
mesmo que o endereco zero de dados. A instrucao no
endereco zero pode identificar um valor de 24 bits,
enquanto o dado no endereco zero pode indicar um byte
sem relacao alguma com o conjunto de 24 bits das
instrucoes! 29
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Ciclo de;

= Decodificacao

Arquitetura Von Neumann:

Central Processing Unit

Control Unit

R Arithmetic/Logic Unit Output
Device Device

> -

= V

Mouse; 1 Monitor;
Teclado; . Alto-falante;
leitor SD | |

Necessitamos “eleger” um uP:
- Digamos que seja o Z80...

(misgj rado)

2%

» Dados + Programas

Control bus

\ /

Address bus

v

Data bus

System bus




Estrutura interna do Z80:

2741 A8 12%)
19 ALFSoD
HR 200ToR0  A3[ 33}
[NTERNAL DATABUS & BIT ETD 22 R aa[34)
| 1 [ /\ E | 21 RD ASAD
= ———a e —— MUX MUX I_ R | DATABUS A6135)
I | ] ] ALl f i «284REFSH ﬁg%»
w' Z' W Z —=o?
| I : : : , I PRR:RITIVE A9l39)
| INSTR REG I R I B C B C TEMP A' (» F I A101-49)
P - ! p244WAIT  AL1FE )
| {} | D' E D £ | A12{-2)
| etruc I . " ACU ' %(75 INT Al3 Z )
| LoEkooeR | H L H L | NMI Ald b
Control | | )26 »
I {} Section % I RESET Dol14
CONTROL N Y | %g BUSRQ Dl%
| | Lose | ALU/ | BUSAK D252
Sp ! ——
I o | | — | 05 cLk 8451;—
| N I Pt | Allvec D612
| +1 l +1 i —42{GND D7{-13
L ———— 1 L 8 ®JADR BUS
ADDRESS BUS 16 BIT E > é\
Bl 27N 16=65.536
I
ﬂcolw BUS
CONTROL BUS 2
: F Ko
R |
Registradores:
A = Acumulador; SP = Stack Pointer (ender. _ : -
P S : IX, IY = para indexacao
BC e DE =“genéricos”; pilha);
. . _ (vetores). Ex.A[0],A[12],..
HL = instrugoes envolvem PC = Program Counter F = Flags:
enderegcamento; (ender. programa); lllllﬂ Contrlol k|3us §
y
Address bus | GE)
S=Sinal; P=Paridade | v = v 'I Iy
Z=Zero; C=Carry. L ? aus3im

H=Half-carry;



Exemplos de instrugoes de maquina (Assembly) do Z80:

Datapoint 2200 & i8008 i8080 Z80 i8086/i8088
before ~1973 ~1974 1976 1978
LBC MOV B,C LD B,C MOV BL,CL
= LDAX B LD A, (BC) MOV AL, [BX]
LAM MOV A,M LD A, (HL) MOV AL, [BP]
LBM MOV B,M LD B, (HL) MOV BL, [BP]
— STAX D LD (DE),A MOV [DX],AL [31]
LMA MOV M,A LD (HL),A MOV [BP],AL
LMC MOV M,C LD (HL),C MOV [BP],CL
LDI 56 MVI D,56 LD D,56 MOV DL, 56
LMI 56 MVI M,56 LD (HL),56 MOV byte ptr [BP],56
- LDA 1234 LD A, (1234) MOV AL, [1234]
- STA 1234 LD (1234),A MOV [1234],AL
- - LD B, (IX+56) | MOV BL,[SI+56]
- - LD (IX+56),C | MOV [SI+56],CL
- - LD (IY+56),78 | MOV byte ptr [DI+56],78
- LXI B,1234 | LD BC,1234 MOV BX,1234
- LXI H,1234 | LD HL,1234 MOV BP,1234
- SHLD 1234 | LD (1234),HL | MOV [1234],BP
- LHLD 1234 | LD HL,(1234) | MOV BP,[1234]
- - LD BC,(1234) | MOV BX,[1234]
- - LD IX,(1234) | MOV SI,[1234]
LD
ggl')égE mnemaonicos > STA
MOV, MVI
MOVE INC
ADD

Instrucao Significado

LD B, C B«C
A < Conteldo apontado

LD A, (BC) pelo endereco formado por

__________________________________ BC(6bits)
'Guardar no endereco

LD (HL), A apontado por HL o conteudo

.o @cumulador A.
‘A — A + Conteldo apontado

ADD A, (HL) pelo endereco indicado por
'HL (16 bits)

SUBA, B A—A-B

XORC A—AaC

INCr r—r+1

CPLA A« |A
'Se Z=0, continue

JRZ e Sw2z=1,PC ~ PC+e

SLAr . iShiftleft A,rbits

SRAT Shift right A, r bits

32




Como um programa € guardado na memoria:

Endereco do programa /\ g—\ Codigos Hexa

LD A, O1H Assemble

RAM

3E

01

Op Code Operand
| A

| 1

00111110 00000001

;{ Same thing in hexadecimal

3E

01

Memory Location
ADDRESS

0200

A2
CA
A5
85
A5
85
A5
85
86
84
20
A6
A4
EOQ
do
F8
38
A9
65
85
ds
C9
do
F8
38
A9
85
65
85
ds
C9
do
F8
38
A9
85
85

EA

60
Fb
61
FA
62
15)
63
64
1F
63
64
00
E4

00
62
62

60
d5

00
62
61
61

60
Cé6

00
62
61

Lz

Linguagem Assembly

LDX SET NO. OF LOOPS FOR 1 SECOND
DEX

LDA STORE HOURS IN Fb

STA

LDA STORE MIN'S IN FA <

STA

LDA STORE SEC'S IN F9

STA

STX SAVE X

STY (NOT NECESSARY, FILLER) HR MIN SEC
"SCANDS" (DISPLAY TIME) 10 10 01
LDX Fb FA F9
LDY (0060) (0061) (0062)
CPX TO LOOP (TO 0202)

BNE

SED SET DECIMAL MODE TO AVOID HEX DIGITS

SEC SET CARRY

LDA

ADC ADD A+C+M-->A (0+1+SEC-->ACC.)

STA
CLD
CMP
BNE
SED
SEC
LDA
STA
ADC
STA
CLD
CMP
BNE
SED
SEC
LDA
STA
STA

STORE IN 62 (SEC) (ACC--> 62)

CLEAR DECIMAL MODE FOR "SCANDS"

TO LOOP (TO 0200) (RESETTING LOOP FOR NEW SECOND)
SAME AS SECONDS

RESET SEC TO 00

ADD 0+1+MIN-->ACC

STORE IN 61 (MIN) (ACC-->61)

TO LOOP (TO 0200)

SAME AS MINUTES

RESET SEC TO 00
RESET MIN TO 00

COUNT
SECONDS

COUNT
MINUTES

33
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Ciclo de: Busca » Decodificagao (da instrugao) > Execucgao:

MPU ROM/RAM

PC PC [INSTRUCTION

ADDRESS BUS

D

uP busca (lé) no endereco (ou
posicao de memoria) indicado
pelo PC (Program Counter) a
préoxima Instrucao a ser
executada. O(s) codigo(s)
desta instrucao é guardado
no IR (Instruction Register).
Depois disto, o contador PC é
automaticamente
incrementado.

amnnco

}:} DATA BUS

ADDRESS BUS

] | CONTROL
> SIGNALS

DATA BUS

AN @ AN
Hm.x A ™E
INST REG w 4 I I
{ } ACT
B C
DECODER
{ } b 3
H L FLAGS
CONTROLLER AU
SEQUENCER sp
2N 2\
PC
B
L
16 |F
a
R
B
U
F
£
2N @ AN E | : :
me A ™P
INST REG w 2 [
U ACT
B c
DECODER
i} - -
H L FLAGS
CONTROLLER AU
SEQUENCER sp
VANV AN

PC

1

I |

16

B
F
g ADDRESS BUS

S Jeonraor




Ciclo de: > Decodificagao (da instrugao) > Execucgao:

|
B8
- Ul
osc | & < DATA BUS > E— — S— 1%
- ' ) c ]!
<:>PORT A : ' ™ I
" ROM| |RAM| | PO - | - x e |
e INST REG | R
280 PORT B ' ] L P
8 [ i |
H [ ACT
\Z ' I
- RST . . |
N . DECODER
T ADDRESS BUS > - ' :
Y I < I
) _ N |
) (R / |
< CONTROL BUS > ' CONTROL AW \
i i [ Z N SECTION |
5V GND : :
' |
[ ADDRESS
U
ADORESS BUS ADDRESS BUS : I! >
=
il
CONTROL
‘9, BUS
CONTROL BLS CONTROL BUS E K :I >
Rl

Uma vez que a instrucao esta contida no IR, a unidade de controle (UC) l
descodifica o seu conteudo (“significado”) e comeca a gerar a sequéncia

correta de sinais internos e externos para lograr a execucao da instrucao

especificada (nos proximos pulsos de clock). Algumas instrucoes sao

executadas inteiramente dentro do uP (na sua ULA). Outras instrucoes

dependem de dados externos presentes na meméria (e nao ainda dentro dos

registradores do uP). E por isso que o nimero de cilcos de clock ou de

maquinas varia conforme o tipo de instrucao a ser decodificada. 35



Exemplo de rotina ASSEMBLY:

1000
1000
1000
1001
1002
1003
1004
1005
1006
1007
1008
100B

78
Bl
C8
1A
77
13
23
0B
C3 00 10

; memcpy --

; Copy a block of memory from one location to another.

; Entry registers

; BC - Number of bytes to copy
; DE - Address of source data block
; HI, - Address of target data block

; Return registers
; BC - Zero

org
memcpy public
loop 1d

or

ret

1d

1d

inc

inc

dec

Jp

1000h
a,b
c

z
a,(de)
(hl),a

hl
bc
loop

;Origin at 1000h

;Test BC,

;If BC = 0,

s Return

;Load A from (DE)
;Store A into (HL)
;Increment DE
;Increment HL

s Decrement BC
;Repeat the loop

36



Ciclos de clock (ciclos de maquina) associados com a
execucao de uma instrugao:

- ole— CICLO T
| l | | | I l I |
134 12u) warods b (e T2k 3. | T3 T2 T3
- CICLODE MAQUINA
M1 oo M2 & M3 e
(BUSCA DO (LEITURA DE (ESCRITA DE IHSSEy
CODIGO DE MEMORIAS) MEMORIAS)
OPERACAO)
- CICLO DE INSTRUGAO - el
Examples of typical instructions (R=read, W=write)
Total
instruction M1 M2 M3 M4 M5 M6
M-cycles
1145] INC BC opcode
2146] ADD A,n opcode  n
3147] ADD HL,DE opcode | internal | internal
4148] SET b, (EL) | prefix | opcode | R(HL), set W(HL)
5149] LD (IX+d),n |prefix | opcode d n,add | W(IX+d)
650l INC (IY+d) | prefix | opcode | d add | R(IY+d),inc  W(lY+d)

@ INSTR N

I{ OVER
| T4 : T1 , T2 |

.®

|-4—FETCH —— > 4——EXECUTE—|

1 |
T2 | T3 |, T4 |

Z80: sobreposicao de ciclos de busca...

37



Ciclo de;

Step 4:
The data or
results from the
instruction
execution are
stored in
registers or RAM.

Step 3:
The instructions,
such as the ALU or
FPU performing a
computation, are
carried out.

= Decodificacao

Step 1:
The next

instruction is
fetched from

cache or RAM.

Step 2:

The instructions are
decoded into a form the
ALU or FPU can

understand.

Hardware:

Control bus

Address bus

v

Data bus

38
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Pagina WEB: simples uP de 4-bits:
http://
www.galacticelectronics.com/
Simple4BitCPU.HTML
(29.09.2016)

@ ) Q

DATA INSTRUCTION
o [< 1) A o [ . A 1 G b4
') x) x| ) e e (e ()

e

ADORESS ACCUMULATOR
i3 ¥ € o < o

A g?@@@@@ ® e

'

Code Numonic Description

1 LIT Copy a literal value from program memory to the accumulator.

2 LOAD Copy a value from a register to the accumulator.

3 STORE |Copy the value in the accumulator to a register.

4 INC Increment the accumulator by one.

5 DEC Decrement the accumulator by one.

6 REG Copy the value in the accumulator to the register address latch.

7 CMPL Compare the accumulator to a literal value. Sets flags.

8 CMPR Compare the accumulator to a register. Sets flags.

S RST Resets the program counter.

10 |JUMPL |Copy the value in the accumulator to the segment register when the less than flag is set.
11 |JUMPE |Copy the value in the accumulator to the segment register when the equal flag is set.

12 JUMPG Copy the value in the accumulator to the segment register when the greater than flag is set.
13 |IN Copy the value from the input to the accumulator.

14 OUT Copy the value in the accumulator to the output latch.

15 |NOP No operation.

39
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Exe

Pagina WEB: simples uP de 4-bits:
http://

mplo uP de 4-birts

www.galacticelectronics.com/
Simple4BitCPU.HTML

(29.09.2016)

/O
Register 0 Register 1
Accumulator | »
Register 2 Register 3
Data
y
Segment Address Program Data
Register Memory
Program Prog ram
Instruction
Counter
Memory

Code Numonic Description

1 LIT Copy a literal value from program memory to the accumulator.

2 LOAD Copy a value from a register to the accumulator.

3 STORE |Copy the value in the accumulator to a register.

4 INC Increment the accumulator by one.

5 DEC Decrement the accumulator by one.

6 REG Copy the value in the accumulator to the register address latch.

7 CMPL Compare the accumulator to a literal value. Sets flags.

8 CMPR Compare the accumulator to a register. Sets flags.

S RST Resets the program counter.

10 |JUMPL |Copy the value in the accumulator to the segment register when the less than flag is set.
11 |JUMPE |Copy the value in the accumulator to the segment register when the equal flag is set.

12 JUMPG Copy the value in the accumulator to the segment register when the greater than flag is set.
13 |IN Copy the value from the input to the accumulator.

14 OUT Copy the value in the accumulator to the output latch.

15 |NOP No operation.

Microlnstruction
Logic

40
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Outras referencias:

e |ntro to Computer Architecture, video YouTube: https://youtu.be/HEjPop-
aK_w (super “basico”).

e The von Neumann architecture, video no YouTube: https://youtu.be/
KR2eixGq464?1ist=PLCiOXwirraUCaPt5zN4xJTIgKvzVYWa 5

e Fetch Decode Execute Cycle (Immediate Addressing), video no YouTube:
https://youtu.be/C6P2s5J9RaM
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O Almoco Gratis ‘““Acabou’...

10,000,000

Microprocessor
1,000,000

|
Myths and Realities: 2 x 3GHz < 6 GHz:
Why not? First, there is coordination
overhead between the cores to ensure cache
coherency (a consistent view of cache, and of
main memory) and to perform other
handshaking. Today, a two- or four-processor
machine isn’t really two or four times as fast
as a single CPU even for multi-threaded
applications.

Concurrency is the next major revolution
in how we write software

Intel CPU Trends

(sources: Intel, Wikipedia, K. O:Iukotun)

100

The vast majority of programmers today
don’t grok concurrency, just as the vast
majority of programmers 15 years ago
didn’t yet grok objects.

500.000.000
1
2
V.0
QS o
™ Sy &9 o &
> SR QO g &° . &
0§> SEP QOIS &
g
1971 19¢ 0

® Transistors (000)
® Clock Speed (MHz)
oo A Power (W)

@ Perf /Clock (ILP)
N |

1970

1975 1980 1985 1990 1995 2000 2005 2010
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