Codificacion de instrucciones de

MIPS (1)

28-26
31.29 0(000) 1(001) 2(010) 3(011) 4(100) 5(101) 6(110) 7(111)
0(000) R-format bltz/gez jump julr;:"i(& branch eq | branch ne blez bgtz
set less
add . set less . . . . load upper
1(001) immediate addiu than imm. than_ imm. andi orl xorl immediate
unsigned
2(010) TLB FIPt
3(011)
4(100) | load byte | load half Iwl load word | '0ad byte | load half lwr
unsigned | unsigned
5(101) store byte | store half swi store word swr
load
6(110) linked Iwe1
word
store
7(111) cond. swcl
word —
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Codificacion d

e instrucciones de

MIPS(II)

53 20 0(000) 1(001) 2(010) 3(011) 4(100) 5(101) 6(110) 7(111)
0(000) Slggfclgr s?lf;i':grt sra sliv srlv srav
1(001) Ri,:gtr:er jair syscall break
2(010) mfhi mthi mflo mtlo
3(011) mult multu div divu
4(100) add addu subtract subu and or xor nor
5(101) setlt. u:seitg':é g
6(110)

7(111)
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Traducion a/del lenguaje de maquina

rs | rt | vd | shamt_
reg | reg | reg 0

add R 0 32 n.a.

sub (subtract) R 0 reg | reg | reg 0 34ien n.a.
add immediate | I | 8en | reg ' reg | n.a. ' n.a. n.a. | constant
|w (load word) . I .3519,1' reg . reg . n.a. . n.a. n.a. . address
Sw (store word) I 43, reg | reg @ na. n.a. n.a. address

e Como se traducen las siguientes sentencias
— addiu $t0,%zero,0xf
— Iw $t1,-16($fp)

* A que sentencia assembly corresponde la instruccion

» 00af8020 hex
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Vision de altn pivel(simplificaciones)

PC

p ]
A S
= ..Control
. --Datos
Add _[Add
o~
. P 28
o % L
o4 7 .
. Ja ’
Register #
> Address Instruction Registers Address
Register #
Instruction [ mE:Itgry
memory Register # T r
> Data o . %
e 6 .
., :
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Senales de control

Branch

)
M
u
X
/
ALU operation
L» Data -
»~| Register # MemWrite
- | Address Instruction #— Registers Address
> Register # Data
Instruction memo
memory b~ Register # Roqrite ry
Data
MemRead
——{ Control
M . .
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Sincronizacion por reloj

State State
element Combinational logic element
1 2

Clock cycle —
Lee el estado Almacena el
actual proximo estado

Estado, I6gica combinacional y pulsos de reloj.
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Senal del reloj

Falling edge

A
Y

Clock period Rising edge

Disparo por flancos — (edge-triggered)
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Cambio de estado

.| State Combinational logic
element

Elemento de estado como entrada y salida de légica combinacional
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Camino de datos para distintos tipos de instrucciones

PCSrc
— M
Add T~ M
X
ALU
e / ~ >Add result /
[ shift | -
™ eft2 [ _—
Read ALUST ALU operatior
L. .| Read "1 register 1 © [Lj L operation
address dR:aa? ~ MemWrite
ata ~
— e , MemtoRe
Instruction 'i ngisier 2 zero
i L ALU
< Write Registers Reag 7 r:slﬁll‘: v~ Address er;g Lo
Instruction register data 2 M o M
memory : _— l).(l
—| Write — | )
data hed Data B
Wit
RegWrite ’ /—\ dalrtlae memory
1" \' .
16 “ sign '|I 32 MemRead
| extend |
A . .
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Datos, multiplexores y lineas de control
(Instruccién tipo R- Fase Busqueda instruccion)

Jrmmmmmmmmmmmmmmmmmnes ! PCSrc

: — 5 P,

i M

: Add |+ .

i ! X

: : ALU

: 4 : Add oot !

E E RegWrite —>

: 1 Instruction [25:21

! Read : [ ] Egi?ter 1 MemWrite

' address : dReac11

H 1| Instructi 20:16 ata

i i reieton (PRl Read ALUSrc MemtoReg
! Instruction | 0 register 2

E 1] [ M1 | write Read 0 Address inea?g !
Instruction | 1| |nstruction [15:11] | x register ~ data2 M I\J
| memory |$—— {4 u u
p H | Write | 1 0
E : RegDst data  Registers

. Data
! Write memory
: data
! : Instruction [15:0] 16 Sign 32
. ' extend
: MemRead
i : Instruction [5:0]

; : ALUOp




Datos, multiplexores y lineas de control
(Instruccion tipo R- Fase lectura de operandos)

P L EE LRl : PCSrc
R ; i 0
Add : : .
H : x
H H ALU
4= : : Add osuit !
: RegWrite E —>
o Instrucuoni [25:21] ?ee?;dter 1 . MemWiite
> address ! 9 Read
Instruction;[20:16] Read datat | : ALUSIO emioRec
Instruction | | : o register 2 : -
[31:0] . M Write Read | | 0 Address FLeae;g — !
Instruction Instructions[15:11] ;‘( register e b M hlf
memory > 1 : : x
: Write | 1 0
data  Registers | :
RegDst g H Write mg::sry
' data
Instruction:[15:0]
E MemRead
g ___________ ALUOp
Datos, multiplexores y lineas de control
.y . .
(Instruccion tipo R- Fase procesamiento)
PR R : PCSrc
- : : 5
Add nlf
X
4 — 1
RegWrite
Instruction [25:21] )
Read Ea:iasdter 1 MemWrite
address Read
Instruction [20:16] Read data 1 VemioRec
Instruction | | 0 register 2 )
[31:0] M| | \write Read Address Fead |,
Instruction | | nstruction [15:11] : register data 2 : It\‘II
memory |¢—— {4 . x
Write s 0
data  Registers H ) ata
RegDst : ; Write memory
. 1 | data
Instruction [15:0] 16 Sign 32| :
extend : :

Instruction [5:0]

MemRead




Datos, multiplexores y lineas de control
(Instruccion tipo R- Fase escritura de resultado)

PCSrc
— 0
M
Add u
X
ALU
1
L ‘ Add oot
E RegWrite . -»
Instruction [25:21] . Read ' ;
Read n register 1 : MemWrite
address H dRea? '
i . ' ata 1|
Instruction [20:16] | Read | ALUSTc MemtoRe¢
Instruction | [ register 2 :
[31:0] Write Read | | 0 Address FLeae;g — !
Instruction | | nstruction [15:11] register 93132 M hlf
memory |e¢—— & : 5 X
Write K o] 0
data  Registers | : Data
RegDst : Write memory
i \ data
Instruction [15:0]
MemRead
Instruction [5:0]
ALUOp

Senales de la unidad de control

Inputs
Op5
Op4
Op3
Op2

8::) 885688 [S86[1 [81811 446 ol
I o

beg RegDst

) ALUSTC
MemtoReg
) RegWrite
MemRead
MemWrite

—

¢—— Branch

ALUOp1
ALUOPpO
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Tabla de verdad de las
senales de control

Memto- Reg- Mem- | Mem-
Instruction RegDst Reg Write Read Write Branch
0

R-format 1 0 0 1 0 0 1 0
Tw 0 1 1 1 1 0 0 0 0
sw X 1 X 0 0 1 0 0 0
beq X 0 X 0 0 0 1 0 1
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PCSrc
0
Add IJ
X
4 Add,eit 1
RegWrite @
Instruction [25:21
|, [Read 521 | g%ﬂe” MemWrite
- address Read
Instruction [20:16] Read data 1
> register 2 MemtoReg
Instruction Lo
[31:0] Write  Read Address Réad
Instructi register data 2 a
nstruction | | nstryction [15:11] g
memory | ¢
- e
ata
RegDst Registers —_— mE::gfy
data
Instruction [15:0] 16 sign- 32
extend
MemRead
Instruction [5:0]
ALUOp
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Control de la ALU

Instruction Instruction Desired ALU control
opcode operation ALU action input

| load word XXXXXX 0010
SW - 00 |store word XXXXXX add 0010
Branch equal 01 branch equal XXXXXX subtract 0110
R-type 10 | add 100000 add 0010
Riype |10 | subtract 100010 | subtract 0110
R-type 10 |AND 100100 AND 0000
R-type .10 |OR 100101 OR 0001
R-type 10 |setonless than 101010 set on less than 0111
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Control de la ALU

ALUOp
ALU control block
ALUOPpO
ALUOp1 N\ Operation3
—o___J

3 ’_D__):> Operation2
— Operation
F2 Operation g
F (5-0) | g’ >

F1

— \ Operation0
Fo ) >—
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Add

Read
address

Instruction
[31-0)

Instruction
memory

|/
|

nstruction [31-26] |

”"/"\J

RegDst
\ Branch

Add

ALU
result

- xcz ©

\ MemRead

| MemtoReg

c

|
|
\

ontrol ALUO

| MemWrite

| ALUSrc

\ / _RegWrite

Instruction [25-21]

RegDst
0->1[20-16]
1->1[15-11

Instruction [20-16]
L

Read
register 1 Read

Read datal
register 2

Write

register

Write
data Registers

MemtoReg

0->ALUResult
1->Read data

=

0->Read data

2

Instruction [5-0] I 1->Sign.Ex
)] . :
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~(0
Add -
X
4 Addrogiit

Read
address

Instruction
[31-0)

Instruction
memory

19/08/15

Instruction [31-26] |

/ "\d RegDst

\ Branch

\ MemRead

| MemtoReg

RegWrite
0->No Graba
1->Graba

.Control ALUO

| MemWrite

| ALUSrc

/  RegWrite

Astruction [25-21]

Instruction [20-16]

Instruction [15—11]
L

Instruction [15-0]

Read
register 1 Raaq

Reaq datal
register 2

write ~ Read

register data?2

Write

data Registers

MemWrite
0->No Graba
1->Graba

Instruction [5-0]

\control|

\/

=

M

o

Guillermo Aguirre

MemRead
0->No Lee
1->Lee




— X
M
Add u
X
4 — 1 Branch
0->no salta
egDs 1&~Z->no salta
Branct 1&Z->salta
Instruction [31-26) JemtoReg
—Contro ALU a
MemWrite
\LUST
Instruction [25-21] Read
pC |4 Read register 1
address Read [
Instruction [20-16] Read data 1 -
Instruction register 2 Zer
] 0
[31-0) M| |wite Read| )| o\ /Y AL AgarossRead | (A
Instruction | | |instrction [15-11] | X | | register data 2 M resu ata m_
memory || ¢——m7MM |1 ) u y|
| Write < 1X K
' || data Registers
Instruction [15-0! 16 m 32
[15-0) Sign ALU

@ control -
ALUOp
Instruction [5-0] 00->Id, st
10->Tipo R
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Problemas de la implementacion en un solo ciclo
*Existe un unico ciclo para todas las clases de instrucciones.

La duracion del ciclo es igual a la demora del camino mas largo.
*Un load usa cinco unidades.

Las instrucciones mas cortas no se benefician.

El precio es mayor con instrucciones de punto flotante.

«Cada unidad puede ser usada una sola vez.
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Complete para: lw $a2, 8($t

CSrc
— 0
M
Add > u
X
ALU
4— Addpagyt L
? RegWrite
Instry ction [25:21] Read . X
- ggggss = register 1 Read MemWrite
Instruction [20:16] Read data 1 — .
kmciion * »| register 2 ALUSTIrc MemtoReg
e ] L_,.O
(31:0] M| |write  Read p>| Addresshead |
u data 2
'néter'"n?:sn Instruction [15:11]| x []| "eg'ster M
1 X
/ Write )
_["|\data Registers Data
RegDst
= > Wnte memoi
? / data i
Instruction [15:0] \6‘ sign- 32 %
extend
MemRead
Instruction [5:0]
ALUOp
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Complete para: lw $a2, 8(%t1)

PCSrc
0
M
Add u
X
ALU
4— Addogyit 1
RegWrite
Instruction [25:21
Read [ ] > Iriée?sdte” MemWrite
*| address 9 Read
Instruction [20:16] Read  data1 MaminRon
Instruction * > register 2 Zero MemtoReg
310 7 L3 A ALU ALy Read
W] Write sad - result [9] Address” yarg —( |
Instruction | | jnstruction [15:11]| x | | fedister data2 M
memory > 1 u
Write 0
- data Registers ata
RegDst .
data Ty
Instruction [15:0] 16‘ Sign- 32 %
/\ extend
MemRead
Instruction [5:0]
ALUOp
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Complete para: lw $a2, 8(%t1)

w

rc

> 0
M
Add u
X
ALU
ai Addgg it L
RegWrite
Instruction [25:21
|, | Read [ 1\, ré%?gteﬂ Read @ MemWrite
address ea -
Instruction [20:16] Read data1] | . R
instruction ¢ »| register 2 g? ALUSrc MemtoReg
mr® 0 :
(31:0] M| | write  Readry | Address 229 |5
ata
'néter'"n?:sn Instruction [15:11]; register M
1 X
“ .| Write ¢ 0
R data Registers
P ) Reabst g | Wiite momary
? data
Instruction [15:0] 16‘ sign- 32 %
extend
MemRead
Instruction [5:0]
ALUOp
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Complete para: lw $a2, 8(%t1)

PCSrc
. 0
M
Add u
X
4 — 1
RegWrite
Instruction [25:21
- Read [ ] > Ir::e%?sdtem MemWrite
address Read
Instruction [20:16] Read data 1 " +
etcion * »| register 2 MemtoReg
21:0][ 7 0 | wite s ALUALL L | acgressRead | 7
Instruction | | nstruction [15:11] Y [*] register data2 l&l
memory {1 X
“,| Write 0
RegDst data Registers R Writeme:, g
™| data dd
Instruction [15:0] 16 %
MemRead
Instruction [5:0]
ALUOp
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Complete para: lw $a2, 8(%t1)

w

rc

— 0
Add - IJ
X
ALU
4— Addpagyt L
RegWrite
Instruction [25:21
Read [ ] > rée?gteﬁ MemWrite
"> address 9 Read N
Instruction [20:16] Read data 1 ALUSIC MemtoReg
Instruction | [ o register 2 : .
[31:0] M| (write  Read p>| Addresshead |
Instruction | | |nstryction [15:11]| x | | fegister data2 M
memory NE
X
| Write [ 0
RegDst data Registers write mg::‘tg
data i
. 16 32
Instruction [15:0] 16 [ sign- L 5 %
extend control ' MemRead
?
. . ?
Instruction [5:0] !
ALUOp
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Complete para: lw $a2, 8(%t1)

PCSrc
0
Add Ilf
X
4— Addnf?"sul,’t 1
RegWrite
Instruction [25:21
Read es2n Ir:é%?sdte” MemWrite
* address Read
Instruction [20:16] Read data 1 MemtoReg
Instruction | [ o register 2 Zero 4
(31:0] M| | Write Read result ™ AddressRcf:tg L (1
Instruction | | jnstruction [15:11]| x | | fedister data2 M
memory - 1
X
| cata ' ? 0
RegDst ata Registers 5 . Writeme:, g
) data Ty
Instruction [15:0] 16‘ Sign- 32 %
extend MemRead
Instruction [5:0]
ALUOp
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; Qué vimos?

*Principales Unidades Funcionales.

«Camino de datos de los distintos tipos de instrucciones.
*Estado y cambio de estado.

*Sincronizacion mediante relo;.

«Camino de datos y sefales de control.

*Ineficiencia de la implementacion uniciclo
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