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DESCRICAO RTL de um HW MULTI-CICLO

« Cada estagio realiza uma parte do trabalho

 Registradores usados para isolar os resultados — sao
as chamadas “barreiras temporais”

Entradas Saidas




Especificacao da Organizacao MIPS-MC

« D& suporte a 37 das 153 instrucdes da ISA MIPS-32™

Aritméticas (5): ADDU, SUBU, MULTU, DIVU, ADDIU

Loégicas (7): AND, OR, XOR, NOR, ANDI, ORI, XORI
Deslocamento de bits (6): SLL, SLLV, SRA, SRAV, SRL, SRLV
Acesso a Memoria (4): LBU, LW, SB, SW

Teste (4): SLT, SLTU, SLTI, SLTIU

Controle de Fluxo (8): BEQ, BGEZ, BLEZ, BNE, J, JAL, JALR,
JR

Miscelaneas (3): MFHI, MFLO, LUI

Comparar com as 9 instrucdes da MIPS monociclo
Maior parte das instrucoes executa em 4 ciclos de

reldgio

LW e LBU executam em 5 ciclos
MULTU e DIVU executam em 67 ciclos



Estrutura Geral com Sinais de Controle

* Obs: Estrutura nao considera Hw para MULTU/DIVU
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Primeiro estagio

e« Comum atodas as > .
Instrucoes 4 NPC

inc_pc

clock
— Incrementa o PC
— Armazenainstrugao

no IR
— NPC é novo pc =i _address
registrador
A c
* Porqué existe? 2
— Um motivo: nao %
L g
gerar transitorios | oLlettess @S o
em saltos PC IR
— Ver especificagdo | Memoria | |9o
das instrucoes! de

Instrucdes




Segundo estagio

Comum paratodas as instrucoes
Leitura do Banco de Registradores
Determinacao da constante imediata

M3 Controle de escrita no
. DataWP .
2 16; 8| AdrRP1 banco de registradores.

25..21 R1 M’
DataRP1—3»D___Q

?,w/— P | |kQA Discutido no ultimo
5.11 eStégiO

20.16) 3 AdWP
Q
IR

clock Ma DatarP23 D QRE,
RB

clock

clock ce

(1509, 0-extend

ﬁ} S-extend

cte im

ﬁ}S—extend *4

IMED
I clock

25..0 “0000” &
P |R[25:0] & “00” M5
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Segundo estagio

« Controle do multiplexador M3
— Determina o endereco do primeiro registrador a ser lido

adS <= IR(20 downto 16) when uins.i=SSLL or uins.i=SSRA or uins.i=SSRL else
IR(25 downto 21);

M3 Porque M3 é necessario?
20--16}3 rars P - Devido as instrugdes de
25..21 R1
Ryb  oqlrg deslocamento (sll, srl, etc.)
2018 AdRT RA * RB e IMED compartilham uma
5.1 e entrada da ULA (ver Terceiro
20..16 — AdRD , .
IR QT fiirwr . . estagio)
clack M4 — DRBQ—B>  As instrucoes de deslocamento
o clock usam a constante para especificar a
cloc ce

guantidade de bits a deslocar
» Logo, o registrador fonte, que esta

1509, 0-extend — nos bits 20..16, deve ser lido e
£

1509 5 extend | 5 9| gravado em RA

l—} 3]
15...0 « A —»D Q
——3 S-extend * 4 —> IMED

« ” \ clock

20 |R[2g?cgo& <‘g‘Loo" — M5 7




Segundo estagio

« Multiplexador M5

— Determina o valor do dado imediato (constante)
M3

20..16 %) DataWwpP
| ®AdRP1 o
. 9 Ri

DataRP1 —3» D
2016 AdRP2 RA

15.11 clock

20.16|  — AdWP
Q

IR T R
clock M2 pataRP2 =3 D QR§
RB

clock

clock

0
@D

(1509, 0-extend

&) S-extend

cte im

15...0

——3 S-extend * 4

25...0 “0000” &
P |R[25:0] & “00” M5

IMED  Pseudo-codigo VHDL

I clock

i

cte_im <= sign-extend (29 downto 0) & "00" when inst branch='1l" else
"0000" & IR(25 downto 0) & "00" when uins.i=J or uins.i=JAL else
x"0000" & IR(15 downto 0) when uins.i={ANDI,ORI,XORI} else
sign-extend;



Terceiro estagio

Comum atodas as instrucodes
Realiza a operacdo com a ULA

Determina um flag (salta) que indica se a condi¢ao de uma
instrucéo de salto € verdadeira ou nao

npc
>e opl
R1 —> E
—» D Q—— A | S
RA (RATL 3
clock M6 I— _>DRA|_UQ
RB ° U clock
R op2
BAZY>) Q_l N —>
RB
clock |\)|7 uins.i
IMED l
RA
salta
cte_im RB
—D Q

IMED

clock




Terceiro estagio

« Controle do multiplexador M6

opl <= npc when inst branch='l' else RA;

npc

R1 —>
RA’

RA ‘

clock M6

loutalu
O
Q

RALU

A
L
° U clock
BAZY>) Q_l_> 2P, /(

RB | [V . i}
clock Uins.i * Quando se tem uma instrucao de

l salto condicional, a ULA determina

0 endereco do salto, somando o

IMED valor do PC a constante imediata

salta

cte_im

IMED

clock
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« Controle do multiplexador M7

Terceiro estagio

op2 <= RB when i={ADDU, SUBU, AND, OR, XOR, NOR, SLTU, SLT, JR, SLLV,
SRAV, SRLV} else

IMED;

npc

R1

RA

clock

>
RA

RB

clock

cte_im

IM

ED

IMED

clock

RA

RB

loutalu

RALU

clock

salta
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Terceiro estagio

« Comparador

salta <= 'l' when ( (RA=RB and uins.i=BEQ) or (RA>=0 and uins.i=BGEZ) or
(RA<=0 and uins.i=BLEZ) or (RA/=RB and uins.i=BNE) ) else
] 0 ] ;
npc
>e opl
R1 —> E
—»D_ Q—> Al
RA |RAL 3
clock M6 I— _>DRA|_UQ
RB U clock
*\op2
: P
« O valor poderia ser LD Q_l__: —>
armazenado em RB
um flip-flop e ins
IMED l
salta
cte_im
—D Q

IMED
clock 12




Quarto estagio

« Utilizado apenas pelas instru¢cées LBU/LW/SW/SB

* Leitura (LB/LW)
— Valor enderecado pelo registrador RALU é lido da memoaria de
dados e escrito no registrador MDR
— Valor enderecado pelo registrador RALU recebe o conteudo do
registrador RB quando for instrucéo de escrita

RB
outalu "

—»D Qladdress data > é D Q
RALU —> MDR
clock Memé“a r N clock

v M3

d e x“000000”

& data[7:0]

Dados




Quarto estagio

« Acesso a byte

— Load Byte Unsigned: nainstrucéo LBU, grava-se em MDR o
byte menos significativo (LSB) e coloca-se em zero os 3
bytes mais significativos (MSBs com x “000000”’)

RB
v
outalu i'
—»D QB address  data 2 D Q
RALU = MDR
clock M em é r | a |->|\/|{3 clock

d e x“000000”
ce __’ & data[7:0]
< Dados
bw—>

— Store Byte (instrucdo SB): a memoriarecebe 32 bits e um
sinal de controle (bw=0) para seleciona escrever apenas
byte menos significativo



Quinto estagio

« Estagio que conclui a execucédo de uma determinada instrucao
« Denomina-se em inglés write-back

 Depende dainstrucao corrente

—

M1 inc_pc
D Q- v.Y
4 NPC M2
clock

M3 \ 4
20..16] % DataWP
S AdRP1

DataRP1;
20..16 AdRP2

15..11

—» D Q address  datal»D Q 20..16 AdWP
PC IR 1

clock Memadria clock M4

de
Instrugdes

A A

25..2

address data

Memoria
de Dados

DataRP2

clock

ce




Quinto estagio

* Instrucdes loégico-aritméticas
— Oresultado da operacao da ALU € escrito no banco de
registradores
— Ovalor do NPC (PC incrementado de 4) é escrito no PC

M2

20.16% 1 8 DataWwP RB
T AdRP1
25..21 R1 s ce
»o.16 DataRP1 —» 5] f:g
= AdRP2 3
—»D Qlgaddress  data D Q
RALU MDR
address data 20..16 AdWP clock clock
IR 1AL R% Memoéria
Memoria clock M4 DataRP2 de Dados
de clock
Instrucdes ce
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* InstrucOes LW/LB

Quinto estagio

— Valor armazenado em MDR ¢ escrito no banco de registradores
— Ovalor do NPC (PC incrementado de 4) é escrito no PC

20..16

20.16\ | B
AdRP1
25..21

DataWP

DataRP1
AdRP2

D
PC

clock

address data

Memoéria
de
Instrugdes

—>

IR

clock

15..11

31
M4

AdWP
DataRP2

clock

ce

loutalu

RALU

clock

RB

f:gce
rw
address data D Q

Membéria
de Dados

MDR

clock

M9
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Quinto estagio

* Instrucdes de salto incondicional
- J/JR

— PCrecebe valor contido no registrador Ralu

AN

M1 .
4 INnC_pc D Q :L
NPC M2
clock

M3 0 \4
AdRP1
25.21 R1 S T(_:L:ce
DataRP1—p < w
20..16 AdRP2 5
1511 —3 D Q address data D Q
- RALU MDR
b D Q address data —9D Q 20..16 AdwP clock clock
‘111171’ , .
PC IR = DataRP?2 R_Z’ Memoria
clock Meméria clock M4 de Dados
de
Instrucdes cock  ce




Quinto estagio

* Instrucdes de salto condicional
— O PC pode receber o NPC ou o endereco destino, calculado na ULA
— O controle do mux M1 é a saida do comparador

M1 :
4 inc_pc D Q.J :L
NPC M2
clock

M3 ” \ 4
20.16N\ | © DataWP RB
© | AdRP1
25..21 R1 > ?‘2
20,16 DataRP1—» S
= AdRP2 =
1511 —»D Q address data D Q
- RALU MDR
s D Q address data =D Q 20..16 AdWP clock clock
4111117 Meméri
PC IR DataRPZﬁ emaria M9
clock Meméria clock M4 oA de Dados
de it
Instrucées clock  ce




Quinto estagio

Instru¢des JAL (Jump and Link)

— O PC recebe o0 endereco darotina
— O registrador $ra (endereco “11111” recebe o NPC (PC+4, o enderego

de retorno da subrotina)

]

M1 inc_pc
4 D Ql
NPC

clock

b D L— address data =D Q
PC IR
1ock Meméria 1ock
de
Instrucdes

M3

20..16|
25..2

20..16

M2 s

DataWP
AdRP1

DataRP1
AdRP2

15..11

20..16

AdwWP

‘11111

M4

|

DataRP2

clock ce

ENDERECO 31 ($ra)

|

loutalu
O
O

RALU
clock

RB

IIQ,
'?1 sal

address data

Memoéria
de Dados

clock

MDR

M9




Quinto estagio

Multiplexadores de quinto estagio

dtpc <= result when (inst branch='l' and salta='l') or i={J,JAL,JALR,JR}else npc;

-

M1 inc_pc l
4 D Q-
NPC M2
clock
RIN <= npc whe
M3 0
2016\ | G DataWP
AdRP1
25..21
DataRP1
2016 AdRP2
15..11
—»D Q address data =D Q 20.16 - AdWP
PC IR e I3 DataRP2
clock Memoria clock M4
de
Instrugdes cock  ce
adD <= 31 when uins.i=JAL else

IR(15 downto 11)

IR(20 downto 16) ;

result <= MDR when i={LW,LBU} else RALU;

<’\

(uins.i=JALR

uinst.i

or uins.

salta,

Memoéria
de Dados

RB

f:tce
w
address data D

AL) else result;

Q
MDR

clock

M9

when i={ADDU, SUBU, AND, OR, XOR, NOR, SLTU, SLT, JALR, desloc}

21
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Bloco de dados - quase completo

A A

25..

“0000” &
IR[25:0] & “00”

clock

M1 inc_pc
4 b .St
NPC \ A
clock M2
NPC
M3 0 \ 4
20..1 ° DataWP >
PC © | AdRP1 >\ JopL
25..2 Rl >
DataRP1—p»D  Q—p A
20.16 AdRP2 RA
15..11 clock M3 ll-_J
—» D Q address data —»D Q ‘ 20“16’ AdWP -
PC IR 1111 R2 ps.
DataRP2=5, D Q >
clock Membéria clock M4 RB >
de clock uinst.
Instrucées cock e M4
12:09  ext0 RA)[ -
| E o
15..0 o | -
» extlé o)
|_> 3] RB p
15..0 > D Q— >
~—3extl6 & “00”; > Im ed

=

8

=1

'S D Q
RALU
clock

i

salta,

RB
ce
w
address data D Q
MDR
clock
Memaria
de Dados

M9
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Principais Diferencas MIPS: monociclo X multiciclo

Registradores temporarios para isolar estagios
— IR, NPC, RA, RB, IMED, RALU, MDR

Bloco de controle (BC) — como sinais de controle
devem ser gerados apenas em ciclos especificos de
cada instrucao, o BC deixa de ser combinacional e
passar a ser uma magquina de estados finita

Atualizacao do PC adiada para o fim da instrucao,
porqué?
Novos multiplexadores — sem relacédo com mono-

multiciclo, consequéncia da versao multiciclo ser
mais completa no suporte a arquitetura MIPS
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Execucéo ciclo de clock a ciclo de clock (logico-aritméticas-R)

 Primeiro ciclo: busca da operacao (fetch)

<
,‘
M inc_pc
4
NPC
M3 " \ 4 =
DataWP
20..16| o] >lo 2
S |AdRP1 >1*\ opL. RB 4
25..2 R1 > P Rﬁl
’o 16 DataRP1+—3{D Q—» AlS
s AdRP2 =] F—
cIockRA M6 L —% D QL—address data D Q
o U RALU MDR
dd dat: - 20..16 AdWP clock clock
e PR g T 3 HREE:A Veméria
- DataRP2 D Q » M9
clocl Memboéria clock M4 RB > de Dados
de
clock uinst.i
Instrugdes cock  ce M7

L0y ext0

1. - g
£ o t
o
D Q—

ext16 & “00”
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Execucao ciclo de clock a ciclo de clock (logico-aritméticas-R)

 Leiturados registradores

M1 .
inc_pc 0
4 NPC v
clock M2 :

NPC
PC
M3 0 Y
DatawWP

A A

5
00.16N_| © >e RB 8
j}iAdRPl a1 > opL : ) 0
e DataRP1=pD  Q—p 4 AE i
e AdRP2 5
c|ocE\)A 6 L —% D Q-—address data D Q
15..11 U RALU MDR
—» D Qr—taddress data —»D Q 20.16 AdwWP *\ |op2 clock clock
111117 3 .
! IkDC ) kl DataRP2 _ER D Q | > cIi\/lelg)nodrla M9
N Meméria cloe M4 RB > e Dados
de clock M uinst.i
Instrugbes cdock  ce
1509 ext0 RAY[™
— 1S o |salta
=
> L g .
o D Q_ —>
15.0 9 loxt16 & “00”H > i Imed

“0000” & clock
IR[25:0] & “00”
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Execucao ciclo de clock a ciclo de clock (logico-aritméticas-R)

« Terceiro ciclo: operacdo com a ULA

—

M1 inc_pc D Q
4 NPC \
clock M2

A A

‘ X

PC
M3 \ 4 %
20..16 DataWP %)
j}L AdRP1 RB e
25.2
DataRP1

20.16 AdRP2

f:tce
w
address data D Q

cCr>»

15.11 MDR
L3 D Q—address data —D Q- 20..16 AdwWP X clock clock
PC IR 1 DataRP2 R_Z) D Q 2‘ Meméria M9
clock Meméria clock M4 RB > de Dados
de . .
Instrucdes clack  ce N M7 uinst!

15..0 o
»

ext0

| IS
15...0 7
extl6

2 8

15:0 9 lext16 & “00”

25...0 “0000” &

IR[25:0] & “00”
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Execucao ciclo de clock a ciclo de clock (logico-aritméticas-R)

 Quarto ciclo: atualiza PC e atualiza o banco de registradores

-

“0000” &
IR[25:0] & “00”

M5

RB

M1 inc_pc
4 D ol
NPC Y
clock M2
NPC
PC
M3 \ 4
20..16] DataWP >lo
AdRP1 opl
25..2 R1 > S
so.16 DataRP1—! DRAQ > A S
- AdRP2 5
15..11 clock M6 L 4 RDALUQ-
= D Qr—taddress data —»D o) 20.16 AdWP N op2 U clock
111117
e IR patarP2.R3 D  Q | >
clock Memoria olock M4 RB >
de o] lock clock M7 uinst.i
Instrugoes clgcl ce
-0y  ext0 _ RAy[™
15...0 | ! = ° S_a_ltg>
extl6 o re. [
5D o 25,
1503116 & “00”H > "TImed

address data

Memoéria
de dados

result

M9
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ULA

library IEEE;

use IEEE.std logic 1164.all;

use IEEE.std logic unsigned.all; e Atencdao: operacdes sem sinal

use IEEE.std logic arith.all;
use work.p MRZ.all;

entity alu is OP1
port ( opl, op2 : in reg32;
outalu : out reg32;
op _alu : in inst type
) 7
end alu; OP?2

architecture alu of alu 1is
signal menorU, menorS : std logic ;
begin

.

D)

|

<
pd

op_alu

outalu

menorU <= '1' when opl < op2 else '0Q'; G COMPARA(;AO sem sinal

menorS <= 'l' when ieee.std Logic signed."<" (opl, op2)

t

else

; —— signed

COMPARACAO com sinal — redefini¢cdo do operador <

 Observar uso do tipo inst_type na entity
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ULA

* Obervar:
* uso de concatenacao nos SLTxX
« operacoes de deslocamento

outalu <= opl - op2 when op alu=SUBU else
opl and op2 when op alu=AAND or op alu=ANDI else
opl or op2 when op alu=00R or op_ alu=O0RI else
opl xor op2 when op alu=XXOR or op alu=XORI else
op2 (15 downto 0) & x"0000" when op alu=LUI else
(0=>menorU, others=>'0") when op alu=SLTU or op alu=SLTIU else
(0=>menorS, others=>'0") when op alu=SLT or op alu=SLTI else
opl (31 downto 28) & op2(27 downto 0) when op alu=J else
opl when op alu=JR or op alu=JALR else
to StdLogicVector( to bitvector (opl) sll CONV INTEGER (op2 (10 downto 6)))
when op alu=SSLL else

to StdLogicVector( to bitvector (opl) srl CONV_ INTEGER (op2 (10 downto 6)))
when op alu=SSRL else
opl + op2; -—- default

end alu;



Bloco de controle do Processador Multi-Ciclo

* Microinstrucao definida no package

type microinstruction is record

CY1l: std logic; -- write enable for regs of 1lst stage
CY2: std logic; -- " enable for regs of 2nd stage
walu: std logic; -- " enable for third stage reg
wmdr: std logic; -- " enable for fourth stage reg
wpcC: std logic; -- PC write enable

wreg: std logic; -- Register Bank write enable

ce: std logic; -- Data Memory CE and R/W controls

rw: std logic;

bw: std logic; -- Data Memory Byte/Word write control
i: inst_type; -- instruction identification

end record;
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Sinais de controle

type microinstruction is record
CYl / CY2/ wula / wmdr / wpc / wreg
ce / rw / bw
i

end record;

>

o
UJ
O
/

=
(9]

S RS SRS SR Ry [N pp § = e S

™

CY1 |

—]

20..1 DataWP \
AdRP1 \
25..2 1
> QL

DataRP1
20.16 AdRP2

1
|
|
15..11 : ce
D Q 20..16 AdWP : C|Y2
IR | [[Jrast
DataRP2-#3| D Q
1
1
I

clock uinst.i

/ e

‘ /

Q address data

result

opl RB

address data

op2

Meméria
de Dados

ce Meméria

50

>
1

cCr >»

I de
wpcC Instrucdes

CYl clock Cle
wreg

15}..0

I ext0
extl6

15-0 o lext16 & “00”

| 25..0 “0000” &
IR[25:0] & “00”

T 300

RA,
RB,

—————— o gte—im-—=
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Bloco de controle do Processador Multi-Ciclo

Reset=’1’

Sfetch
CY1l

/

Caso geral

rw<-0, ce, wpc
bw€0 se IR=SB

« Trés primeiros ciclos

lguais para todas as
Instrucoes

IR =3/JAL/JALR/IIR /BEQ/
BGEZ/BLEZ/BNE

Ssalta
wpc

wreg se
IR=JAL/JALR
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Entidade/Arquitetura do bloco de controle

library IEEE;
use IEEE.Std Logic 1164.all;
use work.p MR2.all;

entity control unit is

port ( ck, rst : in std logic;
uins : out microinstruction;
ir : in reg32

) ;

end control unit;
architecture control unit of control unit is

type type state is (Sfetch, Sreg, Salu, Swbk, Sld, Sst, Ssalta);

signal P§, NS : type state;

signal 1 \\ inst type;

begin

ENUMERACAO PARA A MAQUINA DE ESTADOS




Primeira parte — decodificacao de instrucoes

i <= ADDU
SUBU
AAND
OOR
XXOR
SSLL
SSRL
ADDIU
ANDI

JR

when ir (31
when ir (31
when ir (31
when ir (31
when ir (31
when ir (31
when ir (31
when ir (31
when ir (31

when ir

(31 downto 26)="000000" and ir (5 downto 0)="001000"

invalid instruction ;

assert i /= invalid instruction
report "X**xxkkkxkkkxkkkxk% TNVALID INSTRUCTION * %% %k x %k xxn
severity error;

uins.i <= 1i;

COMPONENTE PRINCIPAL DA MICROINSTRUCAO

else
else
else
else
else

( downto 26)="000000" and ir (5 downto 0)="100001"

( downto 26)="000000" and ir (5 downto 0)="100011"

( downto 26)="000000" and ir (5 downto 0)="100100"

( downto 26)="000000" and ir (5 downto 0)="100101"

( downto 26)="000000" and ir (5 downto 0)="100110"

( downto 21)="00000000000" and ir (5 downto 0)="000000%“ else
( downto 21)="00000000000" and ir (5 downto 0)="000010" else
( downto 26)="001001" else

( downto 26)="001100" else

else
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Segunda parte — escrita nos registradores / acesso memaoria

uins.CY1 <= 'l' when EA=Sfetch else '0';
Sfetch
. CY1l
uins.CY2 <= 'l' when EA=Sreg else '0';
uins.walu <= 'l' when EA=Salu else '0'; +
Sreg
uins.wmdr <= '1l' when EA=S1d else '0'; e
uins.wreg <= 'l' when EA=Swbk or (EA=Ssalta and (i=JALR
or i=JAL)) else '0';
uins.wpc <= 'l' when EA=Swbk or EA=Sst or EA=Ssalta IR=J/JAL JALR/JR/
l v O V. BEQ /BGEZ /BLEZ/
else ’ Caso gera BNE
IR=LBU/
LW
uins.rw <= '0' when EA=Sst else '1l';
Ssalta
rw<-0, ce, wpc wpc
. e =
ulns.ce <= '1'" when EA=S1d or EA=Sst pwEOseIR=SE
else '0';
uins.bw <= '0' when (EA=Sst and i=SB)
] l | ;
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entity fsm is port(X, rst, ck
Z:

end;

out std_logic);

architecture A of fsm is

type STATES is (SO, S1, s2, S3);
snext : STATES;

signal scurrent,

begin
process (rst, ck)
begin
if rst='1"

elsif ck'event and ck='1l"'

end if;

end process;

process (scurrent, X)

begin

case scurrent is

when SO

when S1

when S2

when S3

end case;
end process;
end A;

>

if X='0' then
else

end if;

if X='0' then
else

end if;

if X='0' then
else

end if;

if X='0' then
else

end if;

then

then
Z<=I OI .
72<="1" :
Z<=I 1! .
Z<=I OI .
Z<=I 1! .
Z<=I OI .
Z<=I OI .
Z<=I OI .

in std_logic;

Exercicio:
Maquina de Estados

scurrent <=
scurrent <=

snext
snext

snext
snext

snext
snext

snext
snext

S1;
S2;

S2;
S1;

S2;
S3;

SO;

S1;

SO;
snext;

1.Desenhe o diagrama de
transicao de estados da
maquina de estados finitos
ao lado.

2. Trata-se de uma maquina
de Moore ou Mealy?
Justifique.
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Terceira parte — maquina de estados (1/2)

« Parte sequencial

process (rst, ck) EntS >
begin
if rst='1l' then F)E;

PS <= Sfetch;
elsif ck'event and ck='1l' then
PS <= NS;
end if;
end process;

ck reset
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Terceira parte — maquina de estados (2/2)

Parte combinacional (ndo considera MULTU e SUBU)

process (PS, 1)
begin
case PS is
when Sfetch => NS <= Sreg;
when Sreg => NS <= Salu;

when Salu => 1if (i=LW or i=LBRBU) then NS <= S1d;

elsif (i=SW or i1i=SB) then NS <= Sst;

elsif (i=J or i=JALR or i=JAL or i=JR or 1=BEQ or 1=BGEZ
or i=BLEZ or i=BNE) then NS <= Ssalta;

else PE <= Swbk;

end if;

when S1d => NS <= Swbk;

when Sst | Ssalta | Swbk => NS <= Sfetch;
end case;
end process;
end control unit;

38



Tempo de execucao de programas

« Calcule o tempo de execucao para o programa abaixo,
supondo clock de 50 MHZ para a organizacao MIPS vista

main:

loop:

end:

array:

size:

const:

la

la

1w

la

1w
blez
1w
addu
SwW
addiu
addiu
J

J

.data
.word
.word
.word

$t0,array

$tl,size

$tl,0(S$tl)

$t2,const

$t2,0($t2)

$tl,end Resposta:
$t3,0($t0) .

5t3 5t3, $£2 7,2 microsegundos
$t3,0($t0)

$t0,$t0,4

$tl,$tl, -1

loop

Sra

O0x12 Oxff Ox3 O0x14 0x878 0x31 O0x62 0x10 O0x5 O0x16 0x20
11

0x100
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Fase de inicializacao das variaveis

* 680 ns =» 34 ciclos de clock la  $t0,array
la  $tl,size
W $t1,0($t1)

» ANALISAR A MICROINSTRUGAO o S0 o6)

___________________________________________________ Vae | Ll 0 0 0 0 W 0 0 L W T 0 T
3C011001 A L S | L f_
®uins Oyl 0 1 71T J1 T1 T 1 T1 1 I I1
© uinsCY2 1 J ) ) I ) s i L
€ yinz.walu 0 [ [] [ [] [ [ [ [] [ ] [ ] [
T uinz.wmdr (0 |_| |_| |_|
T uing.wpc o |_| |_| |_| |_| |_| |_| |_| |_| |_| |_|
© Lingwreg 1] |_| |_| |_| |_| |_| |_| |_| |_| |_|
T uihg.ce o |_| |_| |_|
T uihz e 1
> ck 1 UL UHUL UL U U U U WU UL LT
© uing.i i ]ui Y¥ori  Rlui Rori Klw Rlui  Rori Rl r*m'?z R E
wr pg sreg SELESEONRREONERENERENTIRETIO RIS RIREEEIREEO Y
¥ data { Y¥zzzzzzzz WYezzzzzzz Y Nezeez
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Uma iteracao do laco

« 580 ns = 29 ciclos de clock 0P D 83 0ei0)
addu  $t3,$t3,$t2
sw  $t3,0($t0)
addiu $t0,$t0,4
addiu  $t1,$t1,-1
j loop
Mame Y alie (T . 8O0 . B8O . 800 4 950 . 1000 . 0RO . MO |, MSQ . 1200 . 1260 o 1300 . 1360 o MO0 ns |
H o 3C0711007 13200007 EONE0000 HMEASER HAODE000D  ¥25030004 {(2523FFFF 02100010 {1az00007 {200E000n
®unsCy1 0 1 [1] [1] [1] [1] [ ] [1] [] [] [
®uins Y2 [ 1] [1] [1] [ 1] [ [ ] [ ] [ ] [ ]
T Lz waly 1] |_| |_| |_| |_| |_| I_l I_l |_| |_|
= ving. wrndr 1] |_| l_l_
 Lins.wpc 0 | [ 1] [ 1] [ 1] [ 1] [ 1] [ 1] [ ] [ ] [1
© Lirg.wreg 1] A [ [ ] [ ] [ ] I_l
 Ling.ce 0 [ ] [ ] l_l—
T ving.nw 1 L
o 1 GGy
® s i }Etdez Yiud Yaddu Yeu Y addiu b }hlez Y
o pPS Freg
£ data X Nezzzzzzz X Nezzzzzzz 7z
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Tempo total de execucao

7220 ns =» 361 ciclos de clock

* Inicio: 40 ns

Mame Yalug sl w0 ne
He 3000 A

Tuns 1D

Tynslv2 i

Turswau 0

yngwmd 0

O yngmpe i

T yingmeg i

B yins.ce I

B ing.w 1

S T

 ying) hi i Yo Y Joi

I
+ 2 data '

 |nicio; 7260 n

ME A TTTOMIL | A ek e h

S

by uL—  —u b

alue COBI00 4 TOOO 4 TIDO 4 T200 |4 7400
wrzzz X —
T T I T J1 J1 J] ]
M JL JT1T J1 J1 1 _[T1 J]_
J )
3N ) A Y
[1_T1 [T T
1l
1
UAU U i yw g
valid_inztru.. Yaddiu Xi ¥olez  Xir Finwalid_instrustion
eg LO00000000000C000CH000GI0G0CACG0CT

rrrrrrr  f Nezzzzzzz

Kl [

Z mrstdvhd = mrstd thovhd ] ol awf*

e

memory view |
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Exercicio

« Calculo do tempo de execucao

Considerar que deseja-se utilizar o processador MIPS como
um timer.

Frequéncia do processador: 10 MHz
Tempo do timer: 1 centéesimo de segundo

Pede-se: escreva um laco que execute no tempo
especificado pelo tempo do timer.
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