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| | ntroducéo

» Processador

— Circuito digital que implementa
tarefa comput acional

Controle e unidade de processament o

Proposit o Geral: variedade de |
tarefas

Propésit o Unico: uma tarefa
particular

— Propésito Unico e Cust omizado:
tarefa nao padrao

» Processador de proposito Unico
cust omizado:
— Répido, pequeno e baixo consumo

— MAS : possui alto custo NRE, time-
to-market long e apresenta pouca
flexilibidade
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Revisao: Projetando um
processador de propoésito
‘ unico cust omizado
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‘Roteiro
|

» Conceit os Basicos

Légica Combinacional

Légica Sequencial

Proj et ando um processador de proposit o
unico
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‘ CMOQOS transist ores em silicio

» Transistor
— O Component e Basico dos Sistemas Digit ais
— Atua com chave

— Tenséo no “gate” controla fluxo de corrente da
fonte para o “drain”

source

ey Conducts
if gate=1

drain

IC package Ic
channel

Silicon substrate
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| mplement agbes de Transist ores
|CMOS

« Complementary Metal Oxide
Semiconduct or source

source

gate Conducts ~ gate, Conducts.

P gateyrt | Conduetsgateqyp |- Condue

« Niveis Légicos # L..'fgm" #dm“fg“‘ =0
- 0é0V,1é5V nMOS pMOS

« Dois tipos bésicos
— nMOS conduz se gat e=1

1 1 1
— pMOS conduz se gate=0 o ey
* F=x F=(xy) ¥
x F=(ury)
- Portas Basicas s ’ HO . F

0=

— Inverter, NAND, NOR inverter NAND gate NOR gate
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Portas Logicas Basicas

s—>F x F x P XY E X FX Y F X P XV F

00 00 0 00 0 00 0

11 01 0 01 1 01 1

F=x F=xy i ? ? F=x+y i ? i F=x®y i ? (1)
Driver AND OR XOR

x~{>w x F x x y Fx Xy y F

y r y y

01 yDF 00 1 y:D 00 01

10 011 01 10

F=x' F=(xy) 10 1 F=(x+y 10 0 0

Inverter NAND 11 0 NOR 11 [
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Projeto de Circuit os
Combinacionais

A) Problem description B) Truth table C) Output equations
yislifaistol,orbandcare 1. zis 1 if _ Inputs Outputs y=abe +ablc' + ablc + abe’ + abe
borcisto 1, but not both, or if all are | a boc oy oz

0 0 0 0 0
0 0 1 0 1 z=ablc +abe' +abc +abc’ + abe
o 1 0 0 1
0 1 1 1 0
10 0o 1 0
o111
D) Minimized output equations (I T B
roror ot E) Logic Gates

oo

00011110

Ambiente de Projeto de Sistemas Embarcados &

Circuit os Combinacionais

o@1) 0100

o 00=1if 10.00 0=

10 if $=0..00 01 =1if 001 equal op determined
11if $=0..01 greater=1 if A>B bys.
Oon-1) =1 if I=1..11 bit of A+B
Im-1)if S=1..11
With enable input e | With carry-in input Ci=> May have status outputs

=0 wm=A+B4Ci carry, zero, etc.
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Circuit os Sequenciais

¥
- Content shifted

0if clear=1,
- Istored in msb

if load=1 and clock Q(prev)+1 if count=1 and clock=1

Q(previous) otherwise
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Proj et o de Gircuit os Sequenciais

A) Problem Description C) Implementation Model D) State Table (Moore-type)
“You want to construct a clock
divider. Slow down your pre- a Combinational Togic > Inputs Outputs,
existing clock so that you output a —> . 1 QL Q0 a I 10 x
1 for every four clock cycles 0 0 0 0
o0 1 0o 1 °
0 1 0 0 1
Q1 0o 1 1 1 0
Lo o 1 0
B) State Diagram State register Lo
(A S B
1
u:OQ x=0 =1 ou:o 110 0
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Proj et o de Gircuit os Sequenciais

) Sate Table (Moore-type) E) Minimized Output Equations
Tnpuss Outpuss nee o
Qo a om0 ox | @ - F) Combinational Logic
- QI'QOa+ Qlu +
0 1 0 0 1 = ;
o 1 11 o0 ° o |iti|o Q1Qo a
o010 H
oo *
[ T R B o0
trree PN TR TR
ol o [it | 17] 0| 10-Qoa+Qua
. — 1
Waiiojoli
X QIQ0
SN0 01 11 10
0o ]oi1ifo] ¥ — 0
ololitifo

QIQ
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Modelo Basico de um Processador
| de Prop6sito Unico

i

external external
control data
inputs inputs
l l datapath l l
control
controller | inputs | datapath
datapath
control
outputs
external external
control data
outputs outputs

controller and datapath

controller
next-state

datapath

registers

E
register

functional
units

b

v

a view inside the controller and datapath
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Exemplo: great est common
| divisor

» Descreva o algorit mo

» Converta o algorit mo
para uma FSM
complexa
— FSMD: finite-state

machine with
datapath

— Templat es podem ser
usados

[

1
2
3
4
5
6:
7

(@) black-box
view

vy v ¥

goli xi yi

GCD

do

12

(b) desired functionality

int x.y;
while (1) {

while (lgo_i);
x=

y=

while (x1=y) {
if (x<y)

© sate
diagram

o
PG
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Templat es de Diagramas de

a=h

next

| Estado
!

Assignment statement

next statement

statement

loop-body- |
statements

next
. statement

Loop statement

while (cond)
loop-body-
statements

next statement

teond

Branch statement

if (c1)

cl stmts
else if 2

c2 stmts
else

other stmts.
next statement

c
o [terme\ telte2

clstmts | § c2stmts others

next
statement

o
PG
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Criando a Unidade de

| Processament o

Crie um registrador para cada
variavel declarada

Crie uma unidade f uncional para
cada operagédo aritmética

Faga a conex&o dos
registrador es as unidades
funcionais

— Baseado nas leituras e
escritas
— Use multiplexadores para )
fontes mdltiplas
+ Crie umidentificador Unico

para cada saida e entrada da
unidade de processament o

Datapath|
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Criando um controle baseado em

|FSM
—

Controller |
o0 1

o001 2

010 2.

* Mesma estruturaque uma
FSMD

+ Substitua acdes complexas
por conf iguragdes da unid.
de processament o

vi

iy
e
|

|
.
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Conect ando controle e unidade de

processament 0

Controller implementation model Controller i
w0 [

01 2

®) Datapath|
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Inputs Outputs
Q@[ Q[ Q0 [ x| xdt|goi| B[ 2 [ 1 [ 10 |xse|yse|xid|yld|did
000 0 [ ¥ 50 0 0|1 %X k[0][0o]o0
0 0 01 ¥ F 0 00 10 X X0 00
FOO I O O S S B O )
0 o0t o=+ 0o[0o 01 X X|0|0]|0
[ R I O 1 o000 x| 1 0 o0
0o 1 00| * 0 1 0|1 X 00 1 0
0 1 010 101 1 | X | X |0 0 0
010 11 0 1 1|0 X x| 0 0 0
01 10 0 10,0 0 X X |0 0 0
o1 1o 1 O 1t 1| x| x| 0 00
[ R - [ O R I S B T A A )
100 o P00 11X |10 0
[ P01 o0 | X[ X |0 0 0
T o010 01 0|1 | x x| 0 0 0
o011 T 10 0 X | x| 0 0 1
100 0.0 00 X X 0 0 0
[ 00 00 X X 0 0 0
[ 00 0o x| x| 0 0 o0
[N 0l o0 oo x| x |0 00
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Complet ando o projeto do Processador
‘ de Funcionalidade Unica - GCD

* Projetodos

Componentes da 1l 1l
Unidade de ontroller datapath
H’ ocessame nt 0 next-state registers

+ | mplement agé&o da l6gica e

combinacional para a
unidade de controle Rncot

» Estanéo é uma
implement agéo
otimizada mas
FUN C| ON A a view inside the controller and datapath

=)
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Otimizando processadores de
| proposit o unico
|

» Otimizacao: melhorar métricas de projeto

» Oportunidades de Otimizagéao
— Especificagéo inicial

— FSMD
— Unidade de Processament o
- FSM
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| Otimizando a Descricéo | nicial

B Anadlise do programa de forma aidentif icar
possiveis otimizagbes
— NUmer o comput agdes
— Tamanho das variaveis
— Complexidade de t empo e espago

— Oper agbes usadas
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| Otimizando o programa

optimized program

| original program
Ocint x,y,1;

O:int x,y;
1: while (1) { 1: while (1) (
2: while ('go_i); 2: while ('go_i);
1/ x must be the larger number
3 f G )

replace the subtraction S
operation(s) with modulo
operation in order o speed P !
up program i

GCD(2, 8) - 9 iterations to complete the loop GCD(42.8) - 3 iterations to complete the loop

x and y values evaluated as follows : (42, 8), (43, 8), x and y values evaluated as follows: (42, 8), (8,2),

(26.8), (18.8). (10.8), (2.8). (2.6). (24), (2.2). (2,0)
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‘ Otimizando a FSMD

» Possiveis otimizagbes
— Merge de Estados
« Estados com const ant es nas transi¢des podem ser eliminados,
transigdes s@o conhecidas
« Estados com oper agoes independent es podem ser agrupados

— Separagéo de Estados
« Estados incluindo oper agdes complexas (a*b*c*d) podem ser
quebrados em est ados menor es

— Escalonamento
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| Otimizando a FSMD (cont.)

ntx.y, original FSMD
)

Elimina Estado 1
merge estados 2 ¢ 2J
merge estados 3 ¢ 4

merge estados 5 ¢ 6

Elimina estados 5J ¢ 6J

Elimina estado 1-J
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‘ Resumo

Processador es de Propdsito UNI CO
— Técnicas de projeto

— | mplement agéo de Algorit mos

— Tipicament e se comega com uma FSMD
— Ferrament as de CAD sé&o imprescindiveis

.o
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