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Controle do processador: um dos cinco
componentes classicos de um Computador

Processor

Input

Memory
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Exemplo simples de Controle do
Processador: Acumulador

ALU ‘ AC: acumulador

DR.: dados
DR Ac |
- " ¥ T
Mniioeia ) AR: enderegos
in PC | IR | PC: contador
. } IR: instrucd
AR Conirole R
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Microprograma

=

CPUativa? ) | AR DRe@nder) | | DRMem(AR) | | AC<DR >
da CPU com AN | e
R pc || AR<-DRender) | [DReaC | | Mem(aR)DR [
+
Acumulador e
!
IR<-DRicod op) 5. Add
l —+ AR.<-DR.ender) DR« DMemi{AR) AC—AC+DR B
PCePC +1 —
| AR DRender) | | DReMem(AR) | | AC—AC-DR p
(") 7o
.| AR< DRnder) | | DR<MemiAR) | | ACAC*DR b
15 - Jump
—+ PCDR{ender) »
16 - Jamp éf positive
Bl s ‘
; = "
21 - Stop
™ Desativar CPU *
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MIPS - Principais Instrucoes

 Adicao
— add R1,R2,R3; R1=R2 + R3

« Subtracao
— sub R1,R2,R3; R1 =R2 -R3

« Adicao de constante (add immediate )
— addi R1,R2,100; R1=R2 + 100

* Multiplicacao (resultado em 64 bits)
— mult R2,R3; Hi, Lo =R2 x R3

« Divisao (resultado em 64 bits)
— divR2,R3; Lo =R2 + R3, Hi = R2 mod R3
— Lo = quotient, Hi = remainder
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MIPS - Principais Instrucoes - 2

« Alterar meméria (word)
— SW R3, 500(R4) Mem[R4 + 500] =R3

 Ler memboria (word)
— LW R1, 30(R2) R1 = Mem[R2 + 30]

« Desvio Condicional
— beq R1,R2,100 if (R1 == R2) go to PC+4+400

« Desvio incondicional (constante)
— jump j 2500; go to 10000

« Desvio incondicional (registrador)
— jrR31; go to R31
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Formato dos Conjunto de

Instrucoes MIPS

3] 26 21 | & I [ 0
ADD and subtract op rs I rt I rd shamt funct I
- add rd, rs, rt Gbits  Sbis  Sbits  5bis 5 bits 6 bits
» sub rd, rs, rt
3] 26 21 | & 0
OR Imm: | op rs I rt I immediate I
« ori rt, rs, imm16 & hits 5 hits 5 bits 16 bits
LOAD and STORE
» lwrt, rs, imm16
« swrt, rs, imm16
BRANCH:
+ beqrs, rt, imm16
JUMP: £l 26 0
. j target | op target address I
& hits 206 hits
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Unidades Funcionais e Controle no

MIPS

Instruction=3 | ;0=

Branch

Instruction
Fetch Unit

AlLUctr

Fero

Rw Ra Rb
32 32-bit -

1=
:u” .

Wi
<0¢

s R

‘hicm‘.‘-'r

<Sl:11=

<G|:0>

Imml6

MemtoReg

Registers

Data In 17

imml 6
16

Clk
ALUSre

WrEn Adr

Data
Memory

Eili( )p

Paulo André Castro CES-25

IEC - ITA



Carregamento de Instrucao

_'*-Iilf
Addr=3]:2>
PC=31:28> : | A 10
Target % | v Instruction
[nstruction=25:0: = 30 = Memory
=
- : -

Jump = previous jpgpyetion=<31 0=

[nstruction=15:0:

=
w
: =
T el =
o 5

b -

Branch = previous | 700 = previous
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Controlando Operacgoes R-type
Adicao/Subtracao/And/or...

31 26 21 16 11 6 0

op Is rt rd shamt funct

R[rd] <- R[rs] +/- R[rt]

[nstruction=3 [ (=

Branch =10
| 0 [nstruction A A A -
Rd (Rt  —E— =1z |= |z
ReaDst Clk B ls = QY
Ri ALUetr=Add Bt  Hs Rd Immlé

or Subtract
T MemtoRex =0

MemWr =

Rw HRa

32 32-bit
Registers

Rh

= * WrEn Adr
= Data In 35
T | ) ——] = | 25 g Data
16 g Memaory
ALUSc =10

—-

ExtOp = x
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IF no fim de uma instrucao

PC <- PC+4

+ This is the same for all instructions except: Branch and Jump

ag”

PC=3] 28

Target

Instmiction=25:0=

- F

a1

e

Clk

s
: L]
imm Ir.:—rl—- :l':l'
[nstruction=15:0= " =

Branch=10 |7era=x

0o

Addr=3]:2=
Addr=] 0=

Instruction

Memory

-
32

[nstruction=3] 0=
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Instrucao Load

3l 26 21 16 0
I op I rs I rt I immediate
R[rt] <- Data Memory {R[rs] + SignExt[imm16]}
Branch = 0 Instruction=3 | ;0=
_ Instruction A A A =
dump =0 Fetch Unit =1z = |z
Clk '_:' 'C-,‘ = |7

Rt s Rd Immlé&
MemtoRes =

bus4

Rw Ra Rb
32 32-hit
Registers busB g

[ J
77
AL

=
32

P WrEn Adr
E I Data In ;;5
imm| G e—flied | 35 ; Data
16 & c Memory
= Clk v
‘ ALLISre = |
ExtOp =1 |
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Instrucao Store

I op | rs I rt I immediate

Data Memory {R[rs] + SignExt[imm16]} <- R[rt]

[nstruction=31 ;0=

Branch =10
Instruction y n —-

B, ==l rechtmit | |2 |Z |2 |2
RecDst = x Clk B b2 i j
- = Mux ' ' v

: Rs Rt [t K= Rd Immlé
RepBr -0 ¥ :‘* :1' MemtoRer =x
s A Fero MemWr=

Rw Ra Rb

32 32-bit
Registers

WrEn Adr

Data
Memory

3

| 6 e—iid = | 77
I =9
1]

:‘ ALUSre=1
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Instrucao de Desvio Condicional

il

26

op

Is

rt

immediate

if (R[rs]-R[r] ==

} then Zero <- 1; else Zero <- 0

[nstruction=3 1 ;0=

Branch = |
| 0 Instruction A A A
Rd (Rt e Fetch Unit = ::J = E
RegDst =x Clk i S 7 L
' : ALLctr :
- Bz _Rt Fa S 1IN Pt k= Rd [mm 6
Rech | 3 { 3 Subtract MemtoReg = x
busW Row I?.n. Rk
e i 32 32-bit
32 Registers
] :P
WrEn Adr
E | Data In 55
imim | 6 2 | Data
5 = Clk Memory
ALUSre=10
ExtOp =x |
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IF ao fim de uma instrucao de
desvio condicional

il 26

21

|6 0

op rs

rt

immediate

if (Zero==1)} then PC =PC + 4 + SignExtimm16]*4 ; else PC=PC +4

PC<3]:28=

Target

d

ol 3
Clk
T | 6 i

Instruction=15:0= '*

Instruction=25:0> —

Addr=3l 2=
Addr=] ;0=

l ¥

[nstruction
Memory

Jump =0 [nstruction =31 :0=

Assume fero =1 to see
the interesting case.

Branch=1 |7arg =]
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Desvio nao condicional

[ op

| target address

Nothing to do! Make sure control signals are set correctly!
[nstruction=31:0=

RA R
ol

Branch =10

I | Instruction
e Fetch Unit

Clk

5+R. :_1+

5 Rt

busA

[t

. —
[ (5]
Lh =

[t=

R

<Gl =

R

[mmlé

MemtoRer = x

busW Rw Ra Rh
7 12 32-bit .
3 Registers bush g 2"
32 ¥
2 WiEn Adr
E I Data In :5
T | (] & | 2y : Data
16 B ; Memory
= Clk .
* ALLSe =x
ExtOp = x |
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IF ao fim de uma desvio
nao-condicional

il 26 0
[ o | target address
PC <- PC<31:29> concat target<25:0> concat “007
30"
£ Addr=31:2:
PC<31:28> 07
3128z : —h-[[‘_ Addr=]:0=
L
» [_:119-'“ Instruction
[nstmction=25:0 Memory
e
2] 32
o
Jump = 1 [nstruction=31:0=
Clk
w
: LE]
|mm|f_1+- E—,’ 3
[nstruction=15:0= -

Branch =10

fero=x
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Sumario dos Sinais de Controle

Sog we—— func | |0 0000] 100010 We Don*t Care :-)
Appendix A L—gmm. op J00 0000]00 0000] 0o 1101] 10 0011] 10 1011]00 0100f00 0010
add sub ori Iw SW beq | jump
RegDst I 0 0 0 it it X
ALUSre 0 0 I I I 0 X
MemtoReg 0 0 0 I it it X
RegWrite I I I I 0 0 0
MMem Write 0 ] 0 0 I i 0
Branch 0 ] 0 0 0 I 0
Jump 0 ] 0 0 i il I
ExtOp X X 0 I I X X
ALUctr=2:0= | Add [Subtract] Or Add Add  |Subtract] xxx
3l 26 2 l6 I 6 0
R-type op rs rt rd shamt funct | add, sub
[-type up rs rt immediate ori, Iw, sw, beq
J-type op target address jump
cs 152 control19 AP & SIK 1995
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Decodificacao Local — Controle da
ALU

op 00 0000 00 T1o1) 1o ool j1o 1or1foo a1oof oo 0010
R-type ori Iw SW beq | jump
RegDst I 0 0 X X X
ALUSre 0 I I I 0 X
MemtoReg 0 0 I X X X
RegWrite I I I 0 0 0
MemWrite 0 0 0 I 0 0
Branch 0 0 0 0 I 0
Jump 0 0 0 0 0 I
ExtOp X 0 I I x X
ALUsp<N:0= “R-type” Or Add Add  Subtract] xxx
fune
: —» aw
op Main b ;
_/—‘ . ALUan Control 3
6 Control | =401
_‘.\5/_.- (Local)
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The Truth Table for ALUctr

funct<3:0= | Instruction Op.
, 0000 add
ALUop R-type ori Iw W heg 000 stbtract
{Symbolic) | “R-type” Or Add Add  JSubtract 0100 and
ALUop<2:0= ) 00l 0101 ar
[ O] 0 set-on-less-than
ALLfop ALU ALUctr
bit<2> bigkl> bit<0=> ¥bit<3> bit<2> bit<l> bit<0=> peration | pijo2- pit<i= bit<0=
0] ] X Add 0 I ]
0 X I X X X X Subtract I I 0
0 I X X X X X Or 0 0 I
I X X 0 ] 0 0 Adid 0 I ]
I X X 0 i) I 0 subtract I I 0
I X X 0 I 0 0 And 0 0 ]
I X X 0 I 0 I Or 0 0 I
I X X I ] I 0 Seton < I I I
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The “Truth Table” for the Main Control

Aep fune
o - AI.L: Sre —r/—h- ALy ALL Lu ;
T Control | 4, Uap CHm LS
AL / - {Local)
3
op 00 0000 OO0 TLOL] 1O O0TT] 10 107100 O 100y 00 0010
R-type ori w W beq | jump
Reg Dst I 0 0 X X X
ALUSre Il I I I 0 X
MemioReg 0 0 I X X X
RegWrite I I I 0 0 0
MemWrite 0 0 0 | 0 0
Branch 0 0 0 0 I 0
Jump 0 0 0 0 0 |
ExtOp X 0 I I X X
ALUop (Symbaolic) “R-type” O Add Add JSubtrmct] xxx
ALUop <2= I 0 0 0 0 X
ALUop <1= 0 I 0 0 0 X
ALUop <0 0 0 0 0 | X
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Como melhorar desempenho ?

Desempenho € o inverso do tempo...

« O tempo de execucgao de uma instrucao € a soma dos tempos gastos
pelas unidades funcionais

*O que faz a ULA enquanto se carrega uma nova instrucao?

*O que faz a unidade de memoria enquanto a ULA realiza uma
operacao?

ldéia: usar o pipeline.....mas € necessario controlar o pipeline...

O controle sera igual?
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Controle do Processador
Ciclo Unico X MIPS com pipeline

e 5 Fases
—IF, ID/RF, EX, MEM, WB

« Complexidades Adicionais
— Cada fase executa uma instrucao diferente
— Como desacoplar as fases?

— Dependéncias...vamos desconsiderar, por
enguanto
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O Controle, de um Processador de
Ciclo Unico (Single Cycle)

op Main
i Control
[nstr<31:26=

Rd Rt
ReoDst
| Mux "
Bs _Ri
EREE

ReoWr

¥

."L].[.Illhll'ﬁ f
ReoDst 3/ i

LeoDs : LNe
ALUSKC [nstr=>5:0= .r,; I

R
bustW :

FEa Rb
32 32-bit
Registers

>

ALU
Control

ALLctr #

3

[nstruction=31:0=

nPeC sel . .
: [nstruction Al A A s
Fetch Unit 5 r"“ = =
{lk N = n '-."'
[ Rs Rd Immlé
bush Zero IMemWr MemtoReo
7 Memwr
"1""’1
i .l
r

[nstr=15:0=

11T | () =

1

buisB #
Fy

-
32

=
32

Fl

[
| Data In 4

WrEn

Data

Addr

Memory
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O datapath de um Processador
Single Cycle com Fases Definidas

IF: Instruction fetch

EX: Execute/
address calculation

WE: Write
back

ID:; Instruction decode/
register file read

MEM: Memory access

Add
4
Read
M Address reqlster 1 Read
. Read data 1
Instruction reglster 2
memory Write Read o
! Address !
— ragistar data 2 data

Data

wwrite  Registers mamary

| vata

write
data

32
L sign |y
* extend -

] -
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O datapath de um Processador
Multicycle

P

0
I
U
X
1
IF1D IVEX EX/MEM
4
S | RE0
Address o reqlster 4 Read
E Read data 1
£ Zaro
Instructlon = reqlster 2 ALl
memory wWirlte Read ALL
Address
reglistar data 2 result -
ata
+ E‘;r{l;s- Reglsters B2
Write

data

Read
data

MEM/WE
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Executando uma Instrucao -1

I Iw

| Instruction fetch

[ Ins tructicn

Yy vy

Reaad
raglster 1
Read
reglster 2
Write
raglstar

data

Read -

data 1

Read _h
tlata 2

Write Reflshars

EX/MEM

Ardress
Data
mamory
Wil te

data

Read
data

KEMWE
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Executando uma Instrugao - 2

l Iw 1
| Instruction decode 1
IFID IDVEX EX/MEM MEMWE

Read
reglster 1
Read

raglster 2

Write
raglster

Write
data

’H- = acarcss

Instruction '
memaory

Instruction

111

Read
Address =

data
Data
mamaory

result

Sz

Write
data
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Executando uma Instrucao - 3

l Iw I
1 Execution 1

IFID MEMNE
4
o e L
¥ Adaress = rogister 1 e
=1 | REa data 1
o
Instruction = reglster 2
memory ™ 1 Read Frfiat
= Wirlte
1 Address .
— raglstar dalaz i data
ata
=] Write  Reglsters
memary
data ¥
Write
data
16 32
\‘ .
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Executando uma Instrucao - 4

% * Address

EX/MEM

IFID IDEX
S el Rizail
o reqlster 1 Read
= g Reat data 1
iy
Instruction = reglster 2
pesies
mamory ] ) v Read
} raglstar aatd 4
=i Write  Reglsters
data
16 3z
\ o m—

Address

MEMMWE
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Executando uma Instrucao - 5
O que esta errado ?

MMMMM
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Correcao !

Raad
data

IFAD IDVEX EX/MEM
i i £
Add
Al
resul >
sh
lett 2
S ] R
Address B reglster 1 Read \
% Read data 1 » >
Instruction = ‘ '7 reglster 2 ::-ALUZWD —
memary | Read . ALU
B aata 2 ™ M resu] i s
u Data
] Wirlte  Registers X / mamory

data i i

rite

| data

16 32
Y -
-

MEM/WE
1
M
U
X
0
™
L
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Controlando um Pipelined
Datapath

IFID

H

Address

Instructlon
memary

raglster 1
Read

Jinstruction

reqlster 2
Wirlte

| Rcadl
i
L

raglstar

_.. wirlte

data

Read .

datat

Read .

data 2

Reglsters

Ingtruction
15-0] 16
(s-o 18

¥

Ingtructlon
[20 - 16]

Ingtruction

[15- 11]

EX/MEM MEM/WWE
ALU a1 L Read
result Address data ™
Data
mamary
' Wrlte
data
EY P
|
1]
M|
U o e
x
1 | | |

xcZ
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Valores de controle para os trés
estagios finais

« Como a maioria dos sinais de controle sao usados a partir do estagio EX,
podemos cria-los na fase de decodificagao(ID)

*Estes controles sao entao usados no estagio apropriado a medida que a
instrugcdes move-se dentro do pipeline.

WE L
%] Control " M p| WE
EX[— »{ M lwH
IFID IVEX EXMEM MEM/WE

Paulo André Castro CES-25 IEC - ITA



