
Executing Multiple Instructions

IF EXRD WBMEM
IR3

1

0

1

0

IR2 IR4IR1

register
file

CLK

alu

0x1234

CLK PC

CLK



Executing Multiple Instructions

WBMEMIF EXRD

0

IR2 IR3

0

1

IR1

1

IR4

alu

CLK

PCCLK

register
file

CLK

0x1234

0x1234

lw $1, 4($3)



Executing Multiple Instructions

EXRD MEMIF WB
IR4

1

0

1

0

IR3IR2IR1

lw $1, 4($3)

CLK
register

file

0x1238

lw $1, 4($3)

CLK

alu

0x1234
CLK PC



Executing Multiple Instructions

EXRD MEMIF WB
IR4

1

0

1

0

IR3IR2IR1

add $2,$3,$4

register
file

0x1238

lw $1, 4($3)

CLK

alu

0x1238

CLK PC

CLK



Executing Multiple Instructions

MEMEXRDIF WB
IR1

1

0

1

0

IR3IR2 IR4

file

0x123c

add $2,$3,$4

add $2,$3,$4

CLK

CLK

0x1238

lw $1, 4($3)

alu

CLK PC

register



Executing Multiple Instructions

MEMIF EX WBRD

0

IR4IR1

1

0

IR3

1

IR2

CLK

PCCLK

alu

register
file

CLK

lw $1, 4($3)

0x123c

0x123c

or $3,$1,$2

add $2,$3,$4



Data Hazards

IF RD EX WBMEM

1

IR1 IR3 IR4

0

0

1

IR2

data−dependencies!

CLK

PCCLK

alu

register
file

CLK

0x123c

or $3,$1,$2

lw $1, 4($3)

add $2,$3,$4or $3,$1,$2

0x1240



Data Hazards

WBEX MEMIF RD
IR3 IR4IR1

1

1

0

0

IR2

beq $1,$3,L

CLK

PCCLK

alu

register
file

CLK

lw $1, 4($3)

add $2,$3,$4or $3,$1,$2

0x1240

data−dependencies!

0x1240



Data Hazards

EXIF WBMEMRD

0

1

1

0

IR3IR2 IR4IR1

CLK

CLK

0x1240

beq $1,$3,L

beq $1,$3,L

alu

or $3,$1,$2

add $2,$3,$4

CLK PC

register
file

0x1244

lw $1, 4($3)

$1, $2 are both wrong for the
or instruction...



Data Hazards: Memory to ALU

IF WBMEMEXRD
IR1

1

0

1

0

1

0

IR3IR2 IR4

file

beq $1,$3,L

0x1244

lw $1, 4($3)

CLK

CLK

0x1240

beq $1,$3,L

add $2,$3,$4

or $3,$1,$2

alu

CLK PC

register



Data Hazards: ALU to ALU

MEMRD EX WBIF

1

1
2

0

1

0

IR4IR3IR2IR1

0

lw $1, 4($3)

CLK

PCCLK

alu

register
file

CLK

0x1240

beq $1,$3,L

add $2,$3,$4

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

0x1244



Control Hazards: Delayed Branching

RD MEM WBEXIF
IR2IR1

1

0

1

0

0
1
2

IR3 IR4

lw $1, 4($3)

PCCLK

beq $1,$3,L

sll $4,$3,5

0x1244

alu

0x1248

or $3,$1,$2

add $2,$3,$4

CLK

register
fileCLK



Control Hazards: Delayed Branching

EX WBIF RD MEM

result of comparison
quick compare

1

1

2

IR3IR2IR1

0

IR4

0
1

0

CLK

PCCLK

alu

register
file

CLK

add $2,$3,$4

or $3,$1,$2

sll $4,$3,5

new pc

beq $1,$3,Lsll $4,$3,5

0x1244



Control Hazards: Delayed Branching

IF WBMEMEXRD

result of comparison
quick compare

IR1 IR3IR2 IR4

0

0

2

1

1

1

0

beq $1,$3,L

PC

register
file

add $2,$3,$4

or $3,$1,$2

sll $4,$3,5

new pc

new pc

add $5,$6,$7

CLK

CLK

CLK

alu



Pipeline Hazards

Three classes:

• Data Hazards

– data-dependencies

– read-after-write (RAW)

– WAW, WAR?

• Control Hazards
– determining the next PC

• Structural Hazards
– hardware resource con�ict


