Executing Multiple Instructions
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Executing Multiple Instructions
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Executing Multiple Instructions
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Executing Multiple Instructions

IF : RD
. | RL
add $2, $3, $4 !
. ] register
Clic> file

0x12381
RS, NS
0x1238 }

lw $1, 4($3)

CLK




Executing Multiple Instructions

0x123c }

add $2, $3, $4 lw $1, 4($3) I

IF ! RD ! WB
L IRL ‘.I R4
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Executing Multiple Instructions

IF RD

i EX
| R1 :.le :.le :.IR4

1 1

| |

| |

> | |

. 1 1

register i I

A O N ! !
I >a|u !

or $3, %1, $2
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0x123C 1 I =9_ : J : B
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CLKa> : '
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add $2, $3, $4

1
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1
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Data Hazards

CLK

IF

or $3, %1, $2

OleBCT

CLK :>
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] register
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Clw $1, 4($3)

data—dependencies!




Data Hazards

CLK

IF

beq $1, $3,L

0x1240 T

CLK :>

0x1240 }

PC

RD :
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] register
Cgic>. file

-

add $2, $3, $4

or $3, %1, $2

|
|
‘.I
1
|
|
|
1
1
|
1
|
|
1
|
|
|
|
'

Clw $1, 4($3)

data—dependencies!




Data Hazards

beq $1, $3, L or $3,$1, $2

s

IF : RD ! EX
. I RL
beq $1,$3,L !
> =
register _|—>
: Cgic>. file
:
0x1240 T I D_
! 1
L :
0x1244 ¢ | i
1
1

. add $2, $3, $4

$1, $2 are both wrong for the

CLK or instruction...




Data Hazards: Memory to ALU

beq $1, $3, L or $3,$1, $2

IF : RD |
. 1 RL
|
beq $1,%$3,L !
> 0\
register
: CLic> file 1/
1 \
0x1240 | 0
! 1
RS, NS : .~
0x1244 4 |

add $2, $3, $4

CLK




Data Hazards: ALU to ALU

beq $1, $3, L or $3,$1, $2

IF : RD |
L 1RL
|
beq $1,%$3,L !
& _ 0
reglster
: CLic> file 1]
0x1240 1 | 0
! 1
U re ] | :
0x1244 4 |

add $2, $3, $4

CLK




Control Hazards: Delayed Branching

|

IF ! RD ! EX ' MEM ' WB
| R1 PR3
, -

sl $4,$3,5 ! :
g | o] I
register 1
CLic> file 1 !
::>>mu II
1

0x12441 0
1
Lhg>  pc 2
0x1248 1} q |

beq $1, $3, L or $3,$1, $2

. add $2, $3, $4

CLK




Control Hazards: Delayed Branching

IF ! RD ! EX ' MEM ' WB
v I RL IIIRS II|R4
! - -
sl $4,$3,5 ! beq $1, $3, L : add $2, $3, $4
" register O\l > :
- 1
CLic> file y !

:
|
|

0x1244 | I 0
| 1 r

LKg>  prc | : 2

new pc ! |
| | |
: sl $4,$3,5 ! Yy :
' result of comparison ! . or $3,%$1,$2 .

quick compare

CLK




Control Hazards: Delayed Branching

IF ! RD ! EX ' MEM ' WB
' IRL . | R3 ‘.I R4
| . -
add $5, $6, $7 ' beq $1,$3, L : add $2, $3, $4
- " 0 :
register - |
CLic> file y :

new pc
CLK

3T
2

\

new pc

\

sl $4, $3,5

result of comparison L or $3, %1, $2

quick compare

CLK




Pipeline Hazards

Three classes:

e Data Hazards
— data-dependencies
— read-after-write (RAW)
— WAW, WAR?

e Control Hazards
— determining the next PC

e Structural Hazards
— hardware resource conflict




