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| nt roducao

 Processador

— Circuito digit al que implement a
t aref a comput acional

— Controle e unidade de processament o

Digital camera chip

— Propodsito Geral: variedade de ccp
tar ef as | CCD Pixel coprocessor D2A

) A2D W preprocessor
— Propodsito Unico: uma tarefa 4 A

v
particular /\1\ 3 !

. Pr OpéSIt 0 U n| co e CUS'[ Om| ZadOZ TPEG codec Microcontroller Multiplier/Accum
t aref a ndo padréao

DMA controller Display
ctrl

* Processador de proposito unico

cust omizado: 4 ' v

Memory controller | [ ISA bus interface | | UART LCD ctrl

— Rapido, pequeno e baixo consumo

— MAS : possui alto custo NRE, time-
t o-market long e apresent a pouca
flexilibidade
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Revisao: Projetando um
processador de propodsito

| unico cust omizado



Rot eiro

Conceit os Basicos

Logica Combinacional
 Logica Sequencial

* Projetando um processador de proposito
unico
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CMOS transistores em silicio

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

— Tensao no “gate” controla fluxo de corrent e da
fonte para o “drain”

source

gati| Conducts
if gate=1

drain

--------
-------
______
------
. .
‘‘‘‘‘
.....
..

IC package IC
1 channel

Silicon substrate
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| mplement acoes de Transistores
CMOS

« Complementary Metal Oxide

Semiconduct or

gate Conducts  gate Conducts

1 I avel _| l if gate= _Ol l if gate=

* Niveis Logicos qdmmfgt—l y leesd
— 0é0V,1é5V nMOS pMOS

* Dois tipos basicos

— nMOS conduz se gat e=1
— pMOS conduz se gate=0 ﬁEIL x<:| X
) F=(xy) ¥ —o|
F = (x+y)’
Fy

« Portas Basicas T
- I nverter, NAN D, NOR inverter NAND gate NORgate

CCCCCC

Ambiente de Projeto de Sistemas Embarcados 6



Port as Logicas Basicas

X —>~ F x F X— . x y F X :D_ g XY F X g XY F

0 O y — 0O 0 O y 0 0 O y 0O 0 O

1 1 0O 1 O 0O 1 1 0O 1 1

Fexy ) Fmxey o Fex@y g
Driver AND OR XOR

X —Do; F x F X — X y F X B X 'y F X X 'y F

0 1  y_| F'oo1 00 1 o0

1 O 0O 1 1 0O 1 O 0O 1 O

F:X’ F:(Xy)’ 1 0 1 F:(X+y)’ 1 O 0 F=X©y 1 O 0

Inverter NAND 1 1 0 NOR 11 0 XNOR 11 1
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Projeto de Circuit os

Combinacionais

A) Problem description

yislifaistol,orbandcarel. zis 1if
b or cis to 1, but not both, or if all are 1.

y
a

D) Minimized output equations

—_——_—_,—_0 0000 ®

B) Truth table
Inputs Outputs
b c y z
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0
0 0 1 0
0 1 1 1
1 0 1 1
1 1 1 1

C) Output equations

y =a'bc + ab'c' + ab'c + abc' + abc

z=ab'c+ a'bc' + ab'c + abc' + abc

E) Logic Gates

00 o1 11 10
00| 0 |iti| 0
i1 | 1 [iti] 1
y=a+bc
%0 01 11 10

z=ab+b’c+bc’

s

o ®

D_

|
}
= )—
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Cir cuit os Combinacionais

A B
1) 1110 Iogn -1)10 A B A B i N
T S T SO (R
- lognxn n-bit n-bit n bit’.
SO | n-bit, mx 1 funct S0
_fE Multiplexor Decoder Adder Comparator " /l\l;CU]OH 3:_
S(log m) ni llll l ni l l l ni S(log m)
0 O(n-1) 0100 carry sum less equal greater 0
O= 00 =1 if I=0..00 sum = A+B less =1if A<B O=A op B
10 if S=0..00 01 =1if 1=0..01 (first n bits) equal =1 if A=B op determined
I1 if S=0..01 carry = (n+1)’th greater=1 if A>B by S.
O(n-1) =1 if I=1..11 bit of A+B
I(m-1) if S=1..11
With enable input e > With carry-in input Ci—> May have status outputs
all O’s are 0 if e=0 . carry, zero, etc.
sum=A+B+Ci

»:‘:fm"ﬂ'é'i‘e Ambiente de Projeto de Sistemas Embarcados 9



Circuit os Sequenciais

Iif load=1 and clock=1,
Q(previous) otherwise.

I

n Jr
doad ™ it Shift ™ e —— " nbi
_>> Register —— [ Shiftregister | — » — > Counter
clear $ I Q $

n n

Q Q
Q= Q=1Isb Q=
0 if clear=1, - Content shifted 0 if clear=1,

- I stored in msb

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

‘Cemro
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Proj et o de Circuit 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 logic X > Inputs Outputs
existing clock so that you output a > I1 Ql Q0 a 1I1 1I0 X
1 for every four clock cycles 10 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 1 0
Ql Q0 o 1 1 1 0
- 1 0 0 1 0 0
B) State Diagram State register Lo 1 1 1
1 1 0 1 1 1
= = :1 =
a OQ X X a=0 1 T 10 t 1 1 1 0 0
< : > a=1

‘Cemro
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Proj et o de Circuit os Sequenciais

D) State Table (Moore-type) E) Minimized Output Equations
Inputs Outputs 11 Qi QOOO 01 11 10
Ql Q0 a II 10 x a . F) Combinational Logic
00 000, Ol oo i1 li1
0 0 1 0 1 ' I1=Q1’°Q0a + Qla’ +
0o 1 0 0 1 )
o 1 1 1 o ° oo |iti| o i1 Q1Qo a
] O O 1 O 0 P R Bl \
1 0o 1 1 1 - X
1 1 0 1 1 | Q1Q0
rb oo W00 o1 1110 D:}
OLO AL L[ 0] 10-Q0w+Q0a = 3 F
— — 11
Holiofofn]
a 00 01 11 10 {>o—
0 0 0 0 x =Q1Q0 — 10
oo 0
Q1 QO
‘Centro
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Modelo Basico de um Processador

de Proposito Unico

L

external external
control data
inputs inputs
l l datapath l l
control
controller inputs datapath
—>
-
datapath
control
outputs

I

external
control
outputs

I

external
data
outputs

controller and datapath

controller datapath \/
next-state registers <
and

control |

logic

state functional
register units

vy vy

a view inside the controller and datapath

‘Cemro
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Exemplo: great est common
divisor

(a) black-box (c) state

« Descreva o algoritmo C diagram
] go_i Xx_i yi
« Converta o algorit mo 6D
para uma FSM o
complexa R
(b) desired functionality
— FSMD: finite-state A
machine wit h 2: while (!go_i);
3 X=X_1I;
dat apat h 4 y=yi
2: whifle( (x !:) y) {
o 1f (x<y
— Templat es podem ser n e
usados .
: X=X-Y;
9: (}1_0:)(;
}
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Templat es de Diagramas de

Assignment statement

Est ado

Loop statement

Branch statement

a=b while (cond) { if (c1)
next statement loop-body- cl stmts
statements else if ¢2
} c2 stmts
next statement else

other stmts
next statement

!
a=h C :] 'cond c. [ ]
\ 4 cond / cl !cl*c2\i:1*!c2
S S— ‘: RS, S | | . |

next | . loop-body- L clstmts i i c2stmts i i other

. statement | |_statements :
............................... I \ |
J: [

]

e . . \
; next » i next
..statement . statement
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Criando a Unidade de

Processament o

Crie um regqistrador para cada
variavel declarada

« Crie uma unidade funcional para
cada operacao aritmética

 Faca aconexao dos
registradores as unidades
f uncionais

— Baseado nas leituras e
escritas

Datapath

1

Yy Vv

v

i V¥

!:

subtractor

subtractor

S:xl=y|  6:x<y
X_neq_y

x Ity

|

— Use multiplexadores para

I 8: x-y I 7:y-x

d_ld

f ontes multiplas

« Crie umidentificador Unico
para cada saida e entrada da
unidade de processament o

»
|

* do

‘Cemro

ﬁlnforma’tita
uEPE
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Criando um controle baseado em

FSM

go_i #

Controller
0000 1:

0001 2:

0010 2-J:

0o1r  3:

'

1 (lgo_i)
lgo_i

L —

x_sel=0
x_ld=1

« Mesma estruturaque uma
FSMD

« Substitua acoes complexas
por configuracodes da unid.
de processament o

X1 y_i |
Datapath
x_sel
—y__ser.
x_ld 1 1
=. 0: x 0:y |
y_1d ' —
Y ' !
vy YVY[y vy
1= < subtractor subtractor
S:xl=y 6: x<y I 8: x-y I 7:y-x
- X_neq_y
- x Ity 9:d
d_1d v —|—‘

Yo

<

Centro
ﬁlnformatita
uEPE
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Conect ando controle e unidade de
processament o

Controller implementation model Controller
. + 0000 I:
go_i
x_sel (b) Datapath
Combinational y_sel 0001 2:
logic _ld 160 i x_sel _
X_ —>
y_ld > 0010 2-J:[:]_ y_ser
X_neq_y x1d
“«— 0011 3 o 0:x 0:y
x_lty y_ldV
—— ° h
LT YO YI[V ¥V v
0100 4:
= < subtractor subtractor
Cx = . o [
0101 5 X5n.e)zl. }?, 6: x<y |8.xy |7.yx
Q34Q24Q14Q0 i >
424014004 0110 6: - x 1ty 9:d
State register >
x_It_y=1 x_1t_y=0 d_id [
BARATIAT y sel=1 ) g x_sel=1 Yoo
y ld=1 x_ld=1
0111 1000
1001 6-J:
1010 5-I:
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Tabela de Estado para o controle

do GCD

Outputs

Inputs

d_ld

x_It  go_i I3 12 I1 10 x_se y_se x_1d y_ld

X_

Q2 Q1 QO

Q3
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Complet ando o proj et o do Processador
de Funcionalidade Unica - GCD

 Projeto dos

Componentes da ']
Unidade de controller datapath N/
Processament o EL —
e » <
* | mplement acao da logica ool [
combinacional para a 3 l T
unidade de controle e Fncon
+ Estando é uma o
implement acao ( \¢
ot imizada mas vy
F U N Cl O N A a view inside the controller and datapath
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Otimizando processadores de
proposit 0 unico

* Otimizacao: melhorar métricas de projeto

* Oportunidades de Otimizacao
— Especificacao inicial
— FSMD
— Unidade de Processament o
— FSM
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Otimizando a Descricao | nicial

* Analise do programa de forma a identificar
possiveis ot imizacoes

— Numer o comput acoes

— Tamanho das variaveis

— Complexidade de tempo e espaco
— Oper acoes usadas
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Otimizando o programa

original program optimized program
0:int x,y; 0:int x,y,1;
1: while (1) { 1: while (1) {
2: while (1go_i); 2:  while (1go_i);
3: x=X_1I; /I x must be the larger number
4: y=y_i; 3 if(x_i>=y_i) {
2: whi}le(x(); !:) N replace the subtraction ‘51: X:X—;’
7: y=y YX; operaFion(s) with modulo ' | y=y-b
else operation in order to speed 6 else |
8: X=X-Y; Up program 7: X=y_i;
} 8: y=X_I;
9: d o=x; }
} 9: while (y!=0) {
10: r=x%Yy;
11: X=Yy;
12: y=r1;
}
13: d_o=x;
}
GCD(42, 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), (2,4), (2,2). (2,0)
W corro Ambiente de Projeto de Sistemas Embarcados 23
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Otimizando a FSMD

* Possiveis ot imizacoes
— Merge de Estados

« Estados com const ant es nas t ransicoes podem ser eliminados,
t ransicoes sao conhecidas

« Est ados com operacoes independent es podem ser agr upados

— Separacao de Estados

« Estados incluindo operagdes complexas (a*b*c*d) podem ser
quebrados em est ados menores

— Escalonamento
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Otimizando a FSMD (cont.)

original FSMD

int x, y;
2 Elimina Estado 1 ). >
go_i lgo_i
21 3. X =x_i
S| y=vd
merge estados 2 e 2.J i
3. x=x_1
5: —
4 yzy ! X<y x>y -~
- merge estados 3 e 4
v Hy=yx ) 8{x=x-v]
5 I(x!= |
u 9: [ d
_0=X
6: merge estados 5 e 6

Elimina estados 5J e 6J

Elimina estado 1-J
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Resumo

» Processadores de Propdsito UNI CO
— Técnicas de projeto
— | mplement acao de Algorit mos
— Tipicament e se comeca com uma FSMD
— Ferrament as de CAD sao imprescindiveis
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