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 jumﬁ(& branch eq | branch ne blez bgtz
set less
1(001) | 2dd addiu | S€t1eSS | yonimm. | andi ori xori | load upper
immediate than imm. . immediate
unsigned
2(010) TLB FIPt
3(011)
4(100) | load byte | load half lwl load word | '0ad byte | load half lwr
unsigned | unsigned
5(101) store byte | store half swi store word swr
load
6(110) linked Iwet
word
store
7(111) cond. swci
word
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Codificacion de instrucciones de

MIPS(I1)

53 20 0(000) 1(001) 2(010) 3(011) 4(100) 5(101) 6(110) 7(111)
0(000) Slrc:i;:c:::t Srl‘ci,f;i'ig:‘t sra sllv srlv srav
1(001) Ri;rirs‘fer jalr 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) set l.t. u::itglﬁté g
6(110)

7(111)
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Traducion a/del lenguaje de maquina

| _instruction | Format | op | rs | rt | rd | shamt | funct | address
add 0 reg  reg  reg 0 n.a

R 32
sub (subtract) R 0 | reg | reg = reg 0 344en n.a.
add immediate | I | 8en - reg ' reg . n.a. | n.a. n.a. - constant
lw (load word) . | '35,9,]. reg ' reg ' n.a. ' n.a. n.a. ' address
sw (store word) | 43, reg | reg | na. n.a. n.a. address

Como se traducen las siguientes instrucciones?
addiu $t0,$zero,0xf
lw $t1,-16($fp)

A que sentencia assembly corresponde la instruccion
00af8020 hex

17/08/16 {J Guillermo Aguirre 3

Vision de alto nivel(simplificaciones)

1
4— |
..Control
--Datos
Add X Add
2
4
L Data
Register #
PC | Address Instruction Registers ALU Address
_ Register # Data
Instruction i E eoEy
memory Register # T 3079
>| Data
6
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Senales de control

Branch
N ]
M !
u
X
/
44—
Add [Add M
| x
L \_/
ALU operation
Data [
Register # MemWrite
> | Address Instruction 4 Registers Address
Register # Data
Instruction memory
memory Register # RegWrite
[ Data
MemRead
—{ Control
(3] . .
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Sincronizacion por reloj

State State
element Combinational logic element
1 2

Lee el estado
actual

Estado, I6gica combinacional y pulsos de relo;.
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Clock cycle ——

Almacena el
proximo estado




Senfal del reloj

/ Falling edge

Clock period Rising edge

A
Y

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

Y

State Combinational logic
element

Elemento de estado como entrada y salida de I6gica combinacional
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Camino de datos para distintos tipos de instrucciones

PCSrc
|
Add

4 —>
Read

Read | register 1

= S - dRead MemWrite
Fee?:ter 2 e MemtoRe
Instruction ¢ 9 Raidatasi -

Wil Read Address 4o

Instruction register data 2 M

memory :
—»| Write —
o ' Data
Write memory
RegWrite m et
MemRead
18 Sign 32
@
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Datos, multiplexores y lineas de control
(Instruccion tipo R- Fase Busqueda instruccion)

L

4 —»

PCSrc

Instruction [25:21]

Read

address

Instruction
memory

Instruction
[31:0]

Instruction [20:16]

Instruction [15:11]

—(=xec=o

RegDst

Instruction [15:0]

RegWrite

Rea}d
register 1 Read
Read data 1
register 2

. Read
Write
register data 2
Write

data  Registers

—“xXxc= 0

18 Sign

O

extend

Instruction [5:0]

ALU |
Add result

Zero
ALU AU

- xXcg O

MemWrite

Address

/‘w

=

data

Write memory

MemtoRec

Read

data

oxc=s =

Data

MemRead




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

Fommmmmemeeesssssseeeeeeeeeseoe- : PCSrc
: E 0
Add : ; -
' X
: ALU |
= / : Add result s
RegWrite E ->
Instructioni 25:21 .
PC Read :[ ] IZZ?gter 1 : MemWrite
address : dR;aa? :
Instruction:[20:16 ata 1| .
:[ A4 ] Read * | ALUSrc Zero MemtoRe¢
Instruction ' | register 2 : ,
o1 T ' 0 : ALU
[81:0] Read | ALU Read
; Il\ln Write d f a2 ! 0 result Address * ja1a
Instruction Instruction:[15:11] | x register G : M
memory . 1 : :
! —»| Write K =]
data  Registers | : Data
Fagioet : Write memory
data
Instructions[15:0]
MemRead
: ALUOp
Datos, multiplexores y lineas de control
prmmmmmmmmmmmmmeeeeeeny PCSrc
\ .
Add M
X
4— (1
RegWrite :
Instruction [25:21 : :
Read [ ! 2%?;& 1 : ' MemWrite
PC address dea?
Instruction [20:16 ata '
[ 4 ] Regd : MemtoReg
Instruction | | | 0 register 2 : '
31:0] ' . Read
[ M| | writ Read 10 + Address —
; u e data 2 r result[ 1. data
Instruction Instruction [15:11] | x register (M ,
memory i : :
—»| Write 4\ 1
data  Registers : Data
el ! Write memory
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)

PC

PCSrc
\ -
Add 'l\Jn
X
ALU ‘
= / _____________________ Add ooyt !
E RegWrite E ->
Instruction [25:21] Read .
Read : 2 : MemWrite
aciiaress H togker Read | .
i : : data1 |,
| Instruction [20_.16] | Read ata i | ALusre s RS
Instruction | | | register 2 !
[31:0] : Read | : ALU AU Address 1€
Write 0 It PoSE date [
Instruction i - i data2 || M i
Instruction [15:11] register :
memory u
| Write K == :(
i |data  Registers | : g Data
RegDst: Write oo
: data
Instruction [15:0]
MemRead
Instruction [5:0]
ALUOp
Senales de la unidad de control
Inputs
Op5
Op4
Op3
Op2
Op1
Ow ! 1
oooool 000 (][] 000 ol
[ ; k) k) [ Outputs
R-format [\ SwW beq RegDst
D— ALUSTrC
MemtoReg
D— RegWrite
MemRead
MemWrite
Branch
ALUOp1
ALUOPO
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Tabla de verdad de las
senales de control

Memto- Rog- Mem-
nstruction RegDst Ro Write Branch

R-format 1 0 0 1 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 M
X
o nao 24—
RegWrite
Instruction [25:21
- Read [ ] > Irqe%?sdtem MemWrite
™ address Read
Instruction [20:16] Read data 1 MomioRog
Instruction >| register 2
[31:0] M| |wrte  Read Address’ pao
Instruction | | instruction [15:11]| ¥ | | fedister data2
memory 1
/.| Write
data Registers
RegDst eg Write meDI:tgry
data
Instruction [15:0] 1 6 (g gn- 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
Rype 10 |add 100000 | add 0010
R-type 10 | subtract 100010 subtract 0110
R-type 10 |AND 100100 AND 0000
R-type 10 |OR 100101 OR 0001
R-type 10 set on less than 101010 set on less than 0111
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Control de la ALU

ALUOp

ALU control block

ALUOPpO
ALUOp1 N\ Operation3

—o| ___/

3 ’_D__):> Operation2
— Operation
F2 Operation1 .
F (5-0) 1 Z) >

F1
— \ Operation0
—

FO
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Add

Read
address

Instruction
[31-0]

Instruction
memory

1

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

17/08/16

4

Instruction [31-26) |

‘:/ "‘\J

Control

RegDst
\ Branch

ALU
result

Add

\ MemRead

| MemtoReg

ALUO
| MemWrite

| ALUSrc

\ ‘ ff'r RegWrite

Instruction [25-21]

.| Read

Instruction [20-16]

. |

Instruction [15-11]
i

Instruction [15-0]

register 1 Read

Reag dalal
register 2
write ~ Read

register data?2

Write
data Registers

Instruction [5-0]

0->Read data2
1->Sign.Ex

M
(&)

Guillermo Aguirre

Add

Read
address

Instruction
[31-0]

Instruction
memory

1

17/08/16

AS N\

\

Instruction [31-26] "

struction [25-21]

Control

RegDst
\ Branch

Add

\ MemRead

19

| MemtoReg

ALUO
|_MemWrite

| ALUSrc

/ RegWrite

.| Read

Instruction [20-16]

=

. |-

Instruction [15-11]
1

Instruction [15-0]

register 1 Roag

/\
MemMWrite

0->No Graba

Reag dalal
register 2

write ~ Read

register data2

Write
data Registers

6 o) 22

Instruction [5-0]

\

[ A

\control/

\ 7_//

MemRead
0-

>No Lee
1->] ee

M
(&)

Guillermo Aguirre




’ 0
M
Add u
X
4 — 1 Branch
0->no salta
2eqDs 1&~Z->no salta
Brar 1&Z->salta
Ven
Instruction [31-26] | MemtoReg
e CONtrol = =
ALUOD
MemWrite
ALUST
RegWrite
Instruction [25-21] Read
PC fo»-{ Hoad register 1
address ) Read
Instruction [20-16] Read data 1
Instruction | | 1 [ |register2
(31-0) M| |write Read | > Addresshead | .
Instruction Instruction [15-11] lx‘ register data 2
memory 1 )
| Write p
'|"| data Registers
Instruction [15-0 16 m 32
[15-0] Sign ALY J \

@ control
ALUOp
Instruction [5-0] 00->Id, st
10->Tipo R

17/08/16 O Guillermo Aguirre 01->beq

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(%t1)

PC

oIl

ALU
4— Addyog it
? RegWrite
Instryction [25:21
Read [ ] = ?e%?sdtem MemWrite
address Read _
Instruction [20:16] Read data 1 ALUSIC MemtoReg
instruction | § -[ 5 > register 2 - ALUZero
(31:0] M| |write  Read 0 reAsLul]{ .- Address“(faatg .
Instruction | | nstruction [15:11]| % ||| fegister data2 M
memory > 1 u
/ Write X
R data Registers Data
RegDst ;
? ) o > X‘;’t‘;ememory
Instruction [15:0] / \6 sign- 32 [
\\ ~ lextend !
2 MemRead
Instruction [5:0]
ALUOp
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Complete para: lw $a2, 8(%t1)

PC

o

4 —
Instruction [25:21]
- Read
address
Instruction [20:16]
Instruction ,
31:01 1
Instruction | | |nstruction [15:11]
memory >
RegD
Instruction [15:0]
17/08/16

0
M
> u
X
ALU
Addegyit 1
RegWrite
Read v
" MemWrite
register 1 Road -
Read data 1
»| register 2 ALUSTIc Zero MemtoReg
Write Read 0 ALUAL"I" - AddressF:;*;d .
register data?2 M result ata
u
“,| Write 1(
data Registers Data
> Wl'itel-l-m".“.".y
data
18 [sign-| 22 |
_ |extend
MemRead
Instruction [5:0]
ALUOp
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Complete para: lw $a2, 8(%

PC

wn
o

r

t1)

ALU
4— Addyog it
RegWrite
Instruction [25:21
Read [ ] > ?ee?ec;jtem @ MemWrite
address 9 Read /-
Instruction [20:16] Read data1] | MemtoRec
Instruction o 5 > register 2 g’? ALUSIC Zero MemtoReg
el s ] !
[31:0] M| |write  Read-{ /5 A"UALlIJt +| AddressRead|
Instruction | | nstruction [15:11]| | egdister data 2 M rosu
memory 0% u
| Write o ¥
“ data Registers Data
2 RegDst Write
: > memory
? data
Instruction [15:0] 16‘ sign- 32 }
~ lextend
MemRead
Instruction [5:0]
ALUOp
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Complete para: Iw $a2, 8(%

PC

t1)

4 —
Instruction [25:21]
- Read
address
Instruction [20:16]
Instruction ,
31:01 7
Instruction | | |nstruction [15:11]
memory >
RegD
Instruction [15:0]
17/08/16

RegWrite
Read
. MemWrite
register 1 oo (h )
Read data 1
*>| register 2 FALUSre Zero MemtoReg
ALU
Write Read ALLIJ . AddressR(ﬁd .
register data?2 result ata
/| Write
data Registers “\ Data
? - Write
< " gata Memory
16; Sign- 32 %
S lextend
MemRead
Instruction [5:0]
ALUOp
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1)

Complete para: lw $a2, 8(5t

PC

oIl

ALU
4— Addggit
RegWrite
Instruction [25:21
Read [ ] = ?e%?sdtem MemWrite
address Read _
Instruction [20:16] Read data 1 ALUSIC MemtoReg
instruction | -[ 5 > register 2 - ALUZero
[31:0] M| |write  Read 0 AU{{ . Address“(faatg L
Instruction | | nstruction [15:11]| % | | fedister data2 M resu
memory - 1 u
/.| Write o ¥
R data Registers Data
data
Instruction [15:0] 16 Sign- 32 AU I
- |
~ \extend control ? MemRead
?
Instruction [5:0] ?
ALUOp
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Complete para: lw $a2, 8(%t1)

PC

o

4 —
Instruction [25:21]
- Read
address
Instruction [20:16]
Instruction ,
31:01 1
Instruction | | |nstruction [15:11]
memory >
RegD
Instruction [15:0]
17/08/16

0
M
> u
X
ALU
Addagyt 1
RegWrite
Read ,
. MemWrite
register 1 Read
Read data 1 A
> I'egisler2 Zero vemioHeg
Write Read AtUau| o] AddressF:;*;d .
register data?2 result ata
/| Write
data Registers Write Data
> memo!
data "y
16 [sign-| 32 |
S |extend
MemRead
Instruction [5:0]
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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;j.

Camino de datos y sefiales de control.

Ineficiencia de la implementacion uniciclo
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