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 Multiciclo (resultado correcto en 12 ciclos):
o t1 = 22+5 = 27
o t3 = 27+22 = 49
o t4 = 27+15 = 42

121110987654321

WBEXIDIFaddi t1,t2,5

WBEXIDIFadd t3,t1,t2

WBEXIDIFaddi t4,t1,15

Las instrucciones 2 y 3 leen t1 del BR en ciclos posteriores
al ciclo en que la instrucción 1 actualiza t1 en el BR
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 Segmentado sin gestión de conflictos (resultado incorrecto en 7 ciclos):
o t1 = 22+5 = 27
o t3 = 11+22 = 33
o t4 = 11+15 = 26

987654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

Existe conflicto de datos por t1:
Las instrucciones 2 y 3 leen t1 del BR en ciclos anteriores o iguales

al ciclo en que la instrucción 1 actualiza t1 en el BR
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 Segmentado sin gestión de conflictos + Inserción de NOP
(resultado correcto en 10 ciclos):
o t1 = 22+5 = 27
o t3 = 27+22 = 49
o t4 = 27+15 = 42

10987654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

Las instrucciones 5 y 6 leen t1 del BR en ciclos posteriores
al ciclo en que la instrucción 1 actualiza t1 en el BR
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987654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

MI BR MD BRAL
U

MI BR MD BRAL
U

 Segmentado (resultado correcto en 7 ciclos):
o t1 = 22+5 = 27
o t3 = (22+5)+22 = 49
o t4 = (22+5)+15 = 42

4321 8765 9

addi t1, t2, 5

add t3, t1, t2

addi t4, t1, 15

MI BR MD BRAL
U

t1

El valor de t1 se anticipa a 
la etapa EX de la instrucción 2 
desde la etapa MEM de la instrucción 1

El valor de t1 se anticipa a 
la etapa EX de la instrucción 3 
desde la etapa WB de la instrucción 1

t1
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anticipación en el ciclo 4

27 = 22+5

11

Rs1E = 6 (t1)
RdM = 6 (t1)

BRwrM = 1

add t3,t1,t2 addi t1,t2,5

22

27 = 22+5
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conflictos

M
E

M
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B

anticipación en el ciclo 5

Rs1E = 6 (t1) Rs1W = 6 (t1)

BRwrW = 1

11

27 = 22+ 5
addi t4,t1,15 add t3,t1,t2

a
d
d
i

t
1
,
t
2
,
5

27 = 22+5

15
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 Multiciclo (resultado correcto en 16 ciclos):
o t1 = 22+5 = 27
o t3 = 27+22 = 49
o t4 = 27+15 = 42
o t5 = 27+27 = 54

 Segmentado sin gestión de conflictos (resultado incorrecto en 8 ciclos):
o t1 = 22+5 = 27
o t3 = 11+22 = 33
o t4 = 11+15 = 26
o t5 = 11+11 = 22

87654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

WBMEXIDIFadd t5,t1,t1
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 Segmentado sin gestión de conflictos + Inserción de NOP
(resultado correcto en 11 ciclos):
o t3 = 27+22 = 49
o t4 = 27+15 = 42
o t5 = 27+27 = 54

1110987654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

WBMEXIDIFadd t5,t1,t1

3 NOP

3 ciclos de retraso
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 Segmentado sin gestión de conflictos + Escritura de BR a mitad de ciclo 
(resultado incorrecto en 8 ciclos):
o t1 = 22+5 = 27
o t3 = 11+22 = 33
o t4 = 11+15 = 26
o t5 = 27+27 = 54

87654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

WBMEXIDIFadd t5,t1,t1
t1
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 Segmentado sin gestión de conflictos + Escritura de BR a mitad de ciclo 
+ Inserción de NOP en el programa (resultado correcto en 10 ciclos):
o t1 = 22+5 = 27
o t3 = 27+22 = 49
o t4 = 27+15 = 42
o t5 = 27+27 = 54

10987654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

WBMEXIDIFadd t5,t1,t1

t1

2 NOP

2 ciclos de retraso



12

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

 Segmentado (resultado correcto en 8 ciclos):
o t1 = 22+5 = 27
o t3 = (22+5)+22 = 49
o t4 = (22+5)+15 = 42
o t5 = 27+27 = 54

87654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

WBMEXIDIFadd t5,t1,t1
t1

t1

t1
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WBMEXIDIF
xor s1,s2,s31

2

3

4

5

987654321

IFxor s1,s2,s3
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WBMEXIDIF
xor s1,s2,s31

xor s1,s2,s3addi s0,s3,−42

3

4

5

987654321

IDIFxor s1,s2,s3

IFaddi s0,s3,−4
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WBMEXIDIF
xor s1,s2,s31

xor s1,s2,s3addi s0,s3,−42
xor s1,s2,s3addi s0,s3,−4lw s3,16(s7)3

4

5

987654321

EXIDIFxor s1,s2,s3

IDIFaddi s0,s3,−4

IFlw s3,16(s7)
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WBMEXIDIF
xor s1,s2,s31

xor s1,s2,s3addi s0,s3,−42
xor s1,s2,s3addi s0,s3,−4lw s3,16(s7)3

xor s1,s2,s3addi s0,s3,−4lw s3,16(s7)sw s4,20(s1)4

5

987654321

MEXIDIFxor s1,s2,s3

EXIDIFaddi s0,s3,−4

IDIFlw s3,16(s7)

IFsw s4,20(s1)



17

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

WBMEXIDIF
xor s1,s2,s31

xor s1,s2,s3addi s0,s3,−42
xor s1,s2,s3addi s0,s3,−4lw s3,16(s7)3

xor s1,s2,s3addi s0,s3,−4lw s3,16(s7)sw s4,20(s1)4
xor s1,s2,s3addi s0,s3,−4lw s3,16(s7)sw s4,20(s1)or t2,s0,s15

987654321

WBMEXIDIFxor s1,s2,s3

MEXIDIFaddi s0,s3,−4

EXIDIFlw s3,16(s7)

IDIFsw s4,20(s1)

IFor t2,s0,s1

s1
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WBMEXIDIF
xor s1,s2,s31

xor s1,s2,s3addi s0,s3,−42
xor s1,s2,s3addi s0,s3,−4lw s3,16(s7)3

xor s1,s2,s3addi s0,s3,−4lw s3,16(s7)sw s4,20(s1)4
xor s1,s2,s3addi s0,s3,−4lw s3,16(s7)sw s4,20(s1)or t2,s0,s15

987654321

WBMEXIDIFxor s1,s2,s3

WBMEXIDIFaddi s0,s3,−4

WBMEXIDIFlw s3,16(s7)

WBMEXIDIFsw s4,20(s1)

WBMEXIDIFor t2,s0,s1

s1
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987654321
WBMEXIDIFaddi s1,zero,11

WBMEXIDIFlw s2,25(s0)

WBMEXIDIFadd s3,s3,s4

WBMEXIDIFor s4,s1,s2

WBMEXIDIFlw s5,16(s2)
s2

s2

WBMEXIDIF
addi s1,zero,111

addi s1,zero,11lw s2,25(s0)2
addi s1,zero,11lw s2,25(s0)add s3,s3,s43

addi s1,zero,11lw s2,25(s0)add s3,s3,s4or s4,s1,s24
addi s1,zero,11lw s2,25(s0)add s3,s3,s4or s4,s1,s2lw s5,16(s2)5
lw s2,25(s0)add s3,s3,s4or s4,s1,s2lw s5,16(s2)6
add s3,s3,s4or s4,s1,s2lw s5,16(s2)7

s1
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 Segmentado sin gestión de conflictos.

13121110987654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFadd t5,t3,t2
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 Segmentado sin gestión de conflictos + Escritura de BR a mitad de ciclo.

1110987654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

WBMEXIDIFnop

WBMEXIDIFadd t5,t3,t2

t1

t3
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 Segmentado.

87654321

WBMEXIDIFaddi t1,t2,5

WBMEXIDIFadd t3,t1,t2

WBMEXIDIFaddi t4,t1,15

WBMEXIDIFadd t5,t3,t2

t1

t1

t3
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 Segmentado sin gestión de conflictos.

1716151413121110987654321

WBMEXIDIFadd x7,x5,x8

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFlw x6,8(x7)

WBMEXIDIFlw x5,0(x5)

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFor x6,x7,x6

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFsw x6,0(x7)
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 Segmentado sin gestión de conflictos + Escritura de BR a mitad de ciclo.

1413121110987654321

WBMEXIDIFadd x7,x5,x8

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFlw x6,8(x7)

WBMEXIDIFlw x5,0(x5)

WBMEXIDIFnop

WBMEXIDIFor x6,x7,x6

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFsw x6,0(x7)

x7

x6

x6
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 Segmentado.

987654321

WBMEXIDIFadd x7,x5,x8

WBMEXIDIFlw x6,8(x7)

WBMEXIDIFlw x5,0(x5)

WBMEXIDIFor x6,x7,x6

WBMEXIDIFsw x6,0(x7)

x7

x6

x6

x7
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?????Rs1E
?????Rs2E
?????RdM

?BRwrM
?????RdW

?BRwrW
??ForwardA
??ForwardB

clk

7654321# ciclo

7654321

IFadd x7,x5,x8

lw x6,8(x7)

lw x5,0(x5)

or x6,x7,x6

sw x6,0(x7)
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??????????Rs1E
??????????Rs2E
??????????RdM

??BRwrM
??????????RdW

??BRwrW
????ForwardA
????ForwardB

clk

7654321# ciclo

7654321

IDIFadd x7,x5,x8

IFlw x6,8(x7)

lw x5,0(x5)

or x6,x7,x6

sw x6,0(x7)
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00101??????????Rs1E
01000??????????Rs2E
???????????????RdM

???BRwrM
???????????????RdW

???BRwrW
??????ForwardA
??????ForwardB

clk

7654321# ciclo

7654321

EXIDIFadd x7,x5,x8

IDIFlw x6,8(x7)

IFlw x5,0(x5)

or x6,x7,x6

sw x6,0(x7)
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0011100101??????????Rs1E
basura01000??????????Rs2E
00111???????????????RdM

1???BRwrM
????????????????????RdW

????BRwrW
10??????ForwardA

basura??????ForwardB
clk

7654321# ciclo

7654321

MEXIDIFadd x7,x5,x8

EXIDIFlw x6,8(x7)

IDIFlw x5,0(x5)

IFor x6,x7,x6

sw x6,0(x7)

x7
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001010011100101??????????Rs1E
basurabasura01000??????????Rs2E
0011000111???????????????RdM

11???BRwrM
00111????????????????????RdW

1????BRwrW
0010??????ForwardA

basurabasura??????ForwardB
clk

7654321# ciclo

7654321

WBMEXIDIFadd x7,x5,x8

MEXIDIFlw x6,8(x7)

EXIDIFlw x5,0(x5)

IDIFor x6,x7,x6

IFsw x6,0(x7)

x7
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00111001010011100101??????????Rs1E
00110basurabasura01000??????????Rs2E
001010011000111???????????????RdM

111???BRwrM
0011000111????????????????????RdW

11????BRwrW
000010??????ForwardA
01basurabasura??????ForwardB

clk

7654321# ciclo

7654321

WBMEXIDIFadd x7,x5,x8

WBMEXIDIFlw x6,8(x7)

MEXIDIFlw x5,0(x5)

EXIDIFor x6,x7,x6

IDIFsw x6,0(x7)

x6
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0011100111001010011100101??????????Rs1E
0011000110basurabasura01000??????????Rs2E
00110001010011000111???????????????RdM

1111???BRwrM
001010011000111????????????????????RdW

111????BRwrW
00000010??????ForwardA
1001basurabasura??????ForwardB

clk

7654321# ciclo

7654321

WBMEXIDIFadd x7,x5,x8

WBMEXIDIFlw x6,8(x7)

WBMEXIDIFlw x5,0(x5)

MEXIDIFor x6,x7,x6

EXIDIFsw x6,0(x7)

x6
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IFlw t1,0(t0)

WBMEXIDIF
lw t1,0(t0)1

2

3

4

5

6

7
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987654321

IDIFlw t1,0(t0)

IFadd t5,t2,t1

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12

3

4

5

6

7
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EXIDIFlw t1,0(t0)

IDIFadd t5,t2,t1

IFaddi t0,t0,1

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12
lw t1,0(t0)add t5,t2,t1addi t0,t0,13

4

5

6

7
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987654321

EXIDIFlw t1,0(t0)

IDIFadd t5,t2,t1

IFaddi t0,t0,1

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12
lw t1,0(t0)add t5,t2,t1addi t0,t0,13

4

5

6

7



37

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

987654321

EXIDIFlw t1,0(t0)

IDpIFadd t5,t2,t1

IFpaddi t0,t0,1

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12
lw t1,0(t0)add t5,t2,t1addi t0,t0,13

4
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MEXIDIFlw t1,0(t0)

IDIDpIFadd t5,t2,t1

IFIFpaddi t0,t0,1

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12
lw t1,0(t0)add t5,t2,t1addi t0,t0,13

lw t1,0(t0)add t5,t2,t1addi t0,t0,14

5

6

7
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987654321

WBMEXIDIFlw t1,0(t0)

EXIDIDpIFadd t5,t2,t1

IDIFIFpaddi t0,t0,1

IFsub t3,t5,t0

t1

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12
lw t1,0(t0)add t5,t2,t1addi t0,t0,13

lw t1,0(t0)add t5,t2,t1addi t0,t0,14
lw t1,0(t0)add t5,t2,t1addi t0,t0,1sub t3,t5,t05

6

7
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WBMEXIDIFlw t1,0(t0)

MEXIDIDpIFadd t5,t2,t1

EXIDIFIFpaddi t0,t0,1

IDIFsub t3,t5,t0

t1

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12
lw t1,0(t0)add t5,t2,t1addi t0,t0,13

lw t1,0(t0)add t5,t2,t1addi t0,t0,14
lw t1,0(t0)add t5,t2,t1addi t0,t0,1sub t3,t5,t05

add t5,t2,t1addi t0,t0,1sub t3,t5,t06

7
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987654321

WBMEXIDIFlw t1,0(t0)

WBMEXIDIDpIFadd t5,t2,t1

MEXIDIFIFpaddi t0,t0,1

EXIDIFsub t3,t5,t0

t1

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12
lw t1,0(t0)add t5,t2,t1addi t0,t0,13

lw t1,0(t0)add t5,t2,t1addi t0,t0,14
lw t1,0(t0)add t5,t2,t1addi t0,t0,1sub t3,t5,t05

add t5,t2,t1addi t0,t0,1sub t3,t5,t06
add t5,t2,t1addi t0,t0,1sub t3,t5,t07

t0t5
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987654321

WBMEXIDIFlw t1,0(t0)

WBMEXIDIDpIFadd t5,t2,t1

WBMEXIDIFIFpaddi t0,t0,1

WBMEXIDIFsub t3,t5,t0

t1

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12
lw t1,0(t0)add t5,t2,t1addi t0,t0,13

lw t1,0(t0)add t5,t2,t1addi t0,t0,14
lw t1,0(t0)add t5,t2,t1addi t0,t0,1sub t3,t5,t05

add t5,t2,t1addi t0,t0,1sub t3,t5,t06
add t5,t2,t1addi t0,t0,1sub t3,t5,t07

t0t5
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...
lw t1, 0(t0)
add t5, t2, t1
addi t0, t0, 1
sub  t3, t5, t0
...

WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)addi t0,t0,12
lw t1,0(t0)addi t0,t0,1add t5,t2,t13

lw t1,0(t0)addi t0,t0,1add t5,t2,t1sub t3,t5,t04
lw t1,0(t0)addi t0,t0,1add t5,t2,t1sub t3,t5,t05
addi t0,t0,1add t5,t2,t1sub t3,t5,t06
add t5,t2,t1sub t3,t5,t07

87654321

WBMEXIDIFlw t1,0(t0)

WBMEXIDIFaddi t0,t0,1

WBMEXIDIFadd t5,t2,t1

WBMEXIDIFsub t3,t5,t0

t1

t5t0



44

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

 Segmentado sin gestión de conflictos.

 Segmentado sin gestión de conflictos + Escritura de BR a mitad de ciclo.

10987654321
WBMEXIDIFlw t1,0(t0)

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFadd t5,t2,t1

WBMEXIDIFadd t2,t1,14

987654321
WBMEXIDIFlw t1,0(t0)

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFadd t5,t2,t1

WBMEXIDIFadd t2,t1,14

t1
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 Segmentado con gestión parcial de conflictos.

 Segmentado.

87654321

WBMEXIDIFlw t1,0(t0)

WBMEXIDIFnop

WBMEXIDIFadd t5,t2,t1

WBMEXIDIFadd t2,t1,14

t1

t1

87654321

WBMEXIDIFlw t1,0(t0)

WBMEXIDIDpIFadd t5,t2,t1

WBMEXIDIFIFpadd t2,t1,14
t1

t1
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WBMEXIDIF
lw t1,0(t0)1

lw t1,0(t0)add t5,t2,t12
lw t1,0(t0)add t5,t2,t1add t2,t1,143

lw t1,0(t0)add t5,t2,t1add t2,t1,144
lw t1,0(t0)add t5,t2,t1add t2,t1,145

add t5,t2,t1add t2,t1,146
add t5,t2,t1add t2,t1,147

87654321

WBMEXIDIFlw t1,0(t0)

WBMEXIDIDpIFadd t5,t2,t1

WBMEXIDIFIFpadd t2,t1,14
t1

t1
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WBMEXIDIF
addi s1,zero,111

addi s1,zero,11lw s2,25(s1)2
addi s1,zero,11lw s2,25(s1)lw s5,16(s2)3

addi s1,zero,11lw s2,25(s1)lw s5,16(s2)add s3,s2,s54
addi s1,zero,11lw s2,25(s1)lw s5,16(s2)add s3,s2,s55
lw s2,25(s1)lw s5,16(s2)add s3,s2,s5or s4,s3,t46

lw s5,16(s2)add s3,s2,s5or s4,s3,t47
lw s5,16(s2)add s3,s2,s5or s4,s3,t4and s2,s3,s48

add s3,s2,s5or s4,s3,t4and s2,s3,s49
add s3,s2,s5or s4,s3,t4and s2,s3,s410

121110987654321
WBMEXIDIFaddi s1,zero,11

WBMEXIDIFlw s2,25(s1)

WBMEXIDIDpIFlw s5,16(s2)

WBMEXIDIDpIFIFpadd s3,s2,s5

WBMEXIDIFIFpor s4,s3,t4

WBMEXIDIFand s2,s3,s4

s1

s2

s5

s3

s4

s3
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WBMEXIDIF
addi s1,zero,521

addi s1,zero,52addi s0,s1,−42
addi s1,zero,52addi s0,s1,−4lw s3,16(s0)3

addi s1,zero,52addi s0,s1,−4lw s3,16(s0)sw s3,20(s0)4
addi s1,zero,52addi s0,s1,−4lw s3,16(s0)sw s3,20(s0)xor s2,s0,s35
addi s0,s1,−4lw s3,16(s0)sw s3,20(s0)xor s2,s0,s36
lw s3,16(s0)sw s3,20(s0)xor s2,s0,s3or s2,s2,s37

1110987654321
WBMEXIDIFaddi s1,zero,52

WBMEXIDIFaddi s0,s1,−4

WBMEXIDIFlw s3,16(s0)

WBMEXIDIDpIFsw s3,20(s0)

WBMEXIDIFIFpxor s2,s0,s3

WBMEXIDIFor s2,s2,s3

s3

s1

s0

s0

s3

s2
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WBMEXIDIF
addi s1,zero,521

addi s1,zero,52addi s0,s1,−42
addi s1,zero,52addi s0,s1,−4lw s3,16(s0)3

addi s1,zero,52addi s0,s1,−4lw s3,16(s0)sw s3,20(s0)4
addi s1,zero,52addi s0,s1,−4lw s3,16(s0)sw s3,20(s0)xor s2,s0,s35
addi s0,s1,−4lw s3,16(s0)sw s3,20(s0)xor s2,s0,s3or s2,s2,s36
lw s3,16(s0)sw s3,20(s0)xor s2,s0,s3or s2,s2,s37

1110987654321
WBMEXIDIFaddi s1,zero,52

WBMEXIDIFaddi s0,s1,−4

WBMEXIDIFlw s3,16(s0)

WBMEXIDIFsw s3,20(s0)

WBMEXIDIFxor s2,s0,s3

WBMEXIDIFor s2,s2,s3

s1

s0

s3s0

s0

s2

s3 s3
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13121110987654321

WBMEXIDIFlw s3,0(s4)

WBMEXIDIDpIFadd s5,s4,s3

WBMEXIDIFIFpadd s2,s3,s6

WBMEXIDIFand s1,s1,s2

WBMEXIDIFlw s5,0(t3)

WBMEXIDIDpIFsw s5,0(t3)

WBMEXIDIFIFpor s2,s2,s5

s3

s2

s5

s5

s3
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13121110987654321

WBMEXIDIFlw s3,0(s4)

WBMEXIDIDpIFadd s5,s4,s3

WBMEXIDIFIFpadd s2,s3,s6

WBMEXIDIFand s1,s1,s2

WBMEXIDIFlw s5,0(t3)

WBMEXIDIFsw s5,0(t3)

WBMEXIDIFor s2,s2,s5

s3

s2

s5

s3
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 Multiciclo (resultado correcto en 19 ciclos):
o t1 = 11-1 = 10
o t2 = 22-1 = 21
o t3 = 10+1 = 11
o t4 = 21+1 = 22

19181716151413121110987654321

EXIDIFbeq zero,s0,L1

WBEXIDIFaddi t1,t1,-1

WBEXIDIFaddi t2,t2,-1

WBEXIDIFL1:addi t3,t1,1

WBEXIDIFaddi t4,t2,1

s0 ≠ 0



53

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

 Segmentado sin gestión de conflictos de control
(resultado correcto en 9 ciclos):
o t1 = 11-1 = 10
o t2 = 22-1 = 21
o t3 = (11-1)+1 = 11
o t4 = (22-1)+1 = 22

987654321

WBMEXIDIFbeq zero,s0,L1

WBMEXIDIFaddi t1,t1,-1

WBMEXIDIFaddi t2,t2,-1

WBMEXIDIFL1:addi t3,t1,1

WBMEXIDIFaddi t4,t2,1

t1

t2

s0 ≠ 0
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 Segmentado sin gestión de conflictos de control + Inserción de NOP 
(resultado correcto en 11 ciclos):

1110987654321

WBMEXIDIFbeq zero,s0,L1

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFaddi t1,t1,-1

WBMEXIDIFaddi t2,t2,-1

WBMEXIDIFL1:addi t3,t1,1

WBMEXIDIFaddi t4,t2,1

t1

t2

s0 ≠ 0
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

WBMEXIDIF
beq zero,s0,L11

2
3
4
5
6
7

s0 ≠ 0

1110987654321
IFbeq zero,s0,L1
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
3
4
5
6
7

s0 ≠ 0

1110987654321
IDIFbeq zero,s0,L1

IFaddi t1,t1,-1
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
3
4
5
6
7

s0 ≠ 0

1110987654321
IDIFbeq zero,s0,L1

IFpaddi t1,t1,-1
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WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

4
5
6
7

 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

s0 ≠ 0

1110987654321
EXIDIFbeq zero,s0,L1

IFIFpaddi t1,t1,-1
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WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

4
5
6
7

 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

s0 ≠ 0

1110987654321
EXIDIFbeq zero,s0,L1

IFpIFpaddi t1,t1,-1

no saltar



60

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1addi t1,t1,-14
5
6
7

 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

s0 ≠ 0

1110987654321
MEXIDIFbeq zero,s0,L1

IFIFpIFpaddi t1,t1,-1
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WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1addi t1,t1,-14
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-15

6
7

 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

s0 ≠ 0

1110987654321
WBMEXIDIFbeq zero,s0,L1

IDIFIFpIFpaddi t1,t1,-1

IFaddi t2,t2,-1
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1addi t1,t1,-14
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-15

addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,16
7

s0 ≠ 0

1110987654321
WBMEXIDIFbeq zero,s0,L1

EXIDIFIFpIFpaddi t1,t1,-1

IDIFaddi t2,t2,-1

IFL1:addi t3,t1,1
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1addi t1,t1,-14
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-15

addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,16
addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,17

s0 ≠ 0

1110987654321
WBMEXIDIFbeq zero,s0,L1

MEXIDIFIFpIFpaddi t1,t1,-1

EXIDIFaddi t2,t2,-1

IDIFL1:addi t3,t1,1

IFaddi t4,t2,1
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 11 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1addi t1,t1,-14
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-15

addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,16
addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,17

s0 ≠ 0

1110987654321
WBMEXIDIFbeq zero,s0,L1

WBMEXIDIFIFpIFpaddi t1,t1,-1

WBMEXIDIFaddi t2,t2,-1

WBMEXIDIFL1:addi t3,t1,1

WBMEXIDIFaddi t4,t2,1

t1

t2
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

2
3
4
5
6
7

987654321
IFbeq zero,s0,L1

s0 ≠ 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
3
4
5
6
7

987654321
IDIFbeq zero,s0,L1

IFaddi t1,t1,-1

s0 ≠ 0



67

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

4
5
6
7

987654321
EXIDIFbeq zero,s0,L1

IDIFaddi t1,t1,-1

IFaddi t2,t2,-1

s0 ≠ 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

4
5
6
7

no saltar: 
predición correcta

987654321
EXIDIFbeq zero,s0,L1

IDIFaddi t1,t1,-1

IFaddi t2,t2,-1

s0 ≠ 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,14
5
6
7

987654321
MEXIDIFbeq zero,s0,L1

EXIDIFaddi t1,t1,-1

IDIFaddi t2,t2,-1

IFL1:addi t3,t1,1

s0 ≠ 0

no saltar: 
predición correcta
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,14
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,15

6
7

987654321
WBMEXIDIFbeq zero,s0,L1

MEXIDIFaddi t1,t1,-1

EXIDIFaddi t2,t2,-1

IDIFL1:addi t3,t1,1

IFaddi t4,t2,1

s0 ≠ 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,14
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,15
addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,16

7

987654321
WBMEXIDIFbeq zero,s0,L1

WBMEXIDIFaddi t1,t1,-1

MEXIDIFaddi t2,t2,-1

EXIDIFL1:addi t3,t1,1

IDIFaddi t4,t2,1

t1

s0 ≠ 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,14
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,15
addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,16
addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,17

987654321
WBMEXIDIFbeq zero,s0,L1

WBMEXIDIFaddi t1,t1,-1

WBMEXIDIFaddi t2,t2,-1

MEXIDIFL1:addi t3,t1,1

EXIDIFaddi t4,t2,1
t2

s0 ≠ 0

t1
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,14
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,15
addi t1,t1,-1addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,16
addi t2,t2,-1L1:addi t3,t1,1addi t4,t2,17

987654321
WBMEXIDIFbeq zero,s0,L1

WBMEXIDIFaddi t1,t1,-1

WBMEXIDIFaddi t2,t2,-1

WBMEXIDIFL1:addi t3,t1,1

WBMEXIDIFaddi t4,t2,1

s0 ≠ 0

t2

t1
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 Multiciclo (resultado correcto en 11 ciclos):
o t1 = 11
o t2 = 22
o t3 = 11+1 = 12
o t4 = 22+1 = 23

1110987654321

EXIDIFbeq zero,s0,L1

WBEXIDIFL1:addi t3,t1,1

WBEXIDIFaddi t4,t2,1

La instrucción a ejecutar tras beq se lee de memoria en un ciclo 
posterior al ciclo en que decide si debe saltarse o no

s0 = 0
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 Segmentado sin gestión de conflictos de control
(resultado incorrecto en 9 ciclos):
o t1 = 11-1 = 10
o t2 = 22-1 = 21
o t3 = (11-1)+1 = 11
o t4 = (22-1)+1 = 22

987654321

WBMEXIDIFbeq zero,s0,L1

WBMEXIDIFaddi t1,t1,-1

WBMEXIDIFaddi t2,t2,-1

WBMEXIDIFL1:addi t3,t1,1

WBMEXIDIFaddi t4,t2,1

t1

t2

Existe conflicto de control:
Se leen instrucciones de memoria en ciclos anteriores o iguales

al ciclo en que la instrucción beq decide si debe saltarse o no

s0 = 0
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 Segmentado sin gestión de conflictos de control + Inserción de NOP
(resultado correcto en 9 ciclos):

987654321

WBMEXIDIFbeq zero,s0,L1

WBMEXIDIFnop

WBMEXIDIFnop

WBMEXIDIFL1:addi t3,t1,1

WBMEXIDIFaddi t4,t2,1

s0 = 0

2 NOP

2 ciclos de retraso
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

IFbeq zero,s0,L1

WBMEXIDIF
beq zero,s0,L11

2
3
4
5
6
7

s0 = 0
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

IDIFbeq zero,s0,L1

IFaddi t1,t1,-1

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
3
4
5
6
7

s0 = 0
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

IDIFbeq zero,s0,L1

IFpaddi t1,t1,-1

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
3
4
5
6
7

s0 = 0
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WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

4
5
6
7

 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

EXIDIFbeq zero,s0,L1

IFIFpaddi t1,t1,-1

s0 = 0



81

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

EXIDIFbeq zero,s0,L1

IFpIFpaddi t1,t1,-1

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

4
5
6
7

s0 = 0

saltar



82

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1L1:addi t3,t1,14
5
6
7

 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

MEXIDIFbeq zero,s0,L1

IFpIFpaddi t1,t1,-1

IFL1:addi t3,t1,1

s0 = 0
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

WBMEXIDIFbeq zero,s0,L1

IFpIFpaddi t1,t1,-1

IDIFL1:addi t3,t1,1

IFaddi t4,t2,1

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1L1:addi t3,t1,14
beq zero,s0,L1L1:addi t3,t1,1addi t4,t2,15

6
7

s0 = 0
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WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1L1:addi t3,t1,14
beq zero,s0,L1L1:addi t3,t1,1addi t4,t2,15

L1:addi t3,t1,1addi t4,t2,16
7

 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

WBMEXIDIFbeq zero,s0,L1

IFpIFpaddi t1,t1,-1

EXIDIFL1:addi t3,t1,1

IDIFaddi t4,t2,1

s0 = 0
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 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

WBMEXIDIFbeq zero,s0,L1

IFpIFpaddi t1,t1,-1

MEXIDIFL1:addi t3,t1,1

EXIDIFaddi t4,t2,1

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1L1:addi t3,t1,14
beq zero,s0,L1L1:addi t3,t1,1addi t4,t2,15

L1:addi t3,t1,1addi t4,t2,16
L1:addi t3,t1,1addi t4,t2,17

s0 = 0



86

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

 Segmentado con gestión de conflictos de control por parada
(resultado correcto en 9 ciclos).

987654321

WBMEXIDIFbeq zero,s0,L1

IFpIFpaddi t1,t1,-1

WBMEXIDIFL1:addi t3,t1,1

WBMEXIDIFaddi t4,t2,1

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-13

beq zero,s0,L1L1:addi t3,t1,14
beq zero,s0,L1L1:addi t3,t1,1addi t4,t2,15

L1:addi t3,t1,1addi t4,t2,16
L1:addi t3,t1,1addi t4,t2,17

s0 = 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

2
3
4
5
6
7

987654321
IFbeq zero,s0,L1

s0 = 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
3
4
5
6
7

987654321
IDIFbeq zero,s0,L1

IFaddi t1,t1,-1

s0 = 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

4
5
6
7

987654321
EXIDIFbeq zero,s0,L1

IDIFaddi t1,t1,-1

IFaddi t2,t2,-1

s0 = 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

4
5
6
7

987654321
EXIDIFbeq zero,s0,L1

IDIFaddi t1,t1,-1

IFaddi t2,t2,-1

saltar: 
predición fallida

s0 = 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1L1:addi t3,t1,14
5
6
7

987654321
MEXIDIFbeq zero,s0,L1

IDIFaddi t1,t1,-1

IFaddi t2,t2,-1

IFL1:addi t3,t1,1

s0 = 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1L1:addi t3,t1,14
beq zero,s0,L1L1:addi t3,t1,1addi t4,t2,15

6
7

987654321
WBMEXIDIFbeq zero,s0,L1

IDIFaddi t1,t1,-1

IFaddi t2,t2,-1

IDIFL1:addi t3,t1,1

IFaddi t4,t2,1

s0 = 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1L1:addi t3,t1,14
beq zero,s0,L1L1:addi t3,t1,1addi t4,t2,15

L1:addi t3,t1,1addi t4,t2,16
7

987654321
WBMEXIDIFbeq zero,s0,L1

IDIFaddi t1,t1,-1

IFaddi t2,t2,-1

EXIDIFL1:addi t3,t1,1

IDIFaddi t4,t2,1

s0 = 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1L1:addi t3,t1,14
beq zero,s0,L1L1:addi t3,t1,1addi t4,t2,15

L1:addi t3,t1,1addi t4,t2,16
L1:addi t3,t1,1addi t4,t2,17

987654321
WBMEXIDIFbeq zero,s0,L1

IDIFaddi t1,t1,-1

IFaddi t2,t2,-1

MEXIDIFL1:addi t3,t1,1

EXIDIFaddi t4,t2,1

s0 = 0
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 Segmentado (con predicción de salto no tomado)
(resultado correcto en 9 ciclos):

WBMEXIDIF
beq zero,s0,L11

beq zero,s0,L1addi t1,t1,-12
beq zero,s0,L1addi t1,t1,-1addi t2,t2,-13

beq zero,s0,L1L1:addi t3,t1,14
beq zero,s0,L1L1:addi t3,t1,1addi t4,t2,15

L1:addi t3,t1,1addi t4,t2,16
L1:addi t3,t1,1addi t4,t2,17

987654321
WBMEXIDIFbeq zero,s0,L1

IDIFaddi t1,t1,-1

IFaddi t2,t2,-1

WBMEXIDIFL1:addi t3,t1,1

WBMEXIDIFaddi t4,t2,1

s0 = 0
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87654321

IFjal x0,L1

WBMEXIDIF
jal x0,L11

2
3
4
5
6
7
8
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87654321

IDIFjal x0,L1

IFaddi t1,x0,5

WBMEXIDIF
jal x0,L11

jal x0,L1addi t1,x0,52
3
4
5
6
7
8
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87654321

EXIDIFjal x0,L1

IDIFaddi t1,x0,5

IFadd t3,t1,t2

WBMEXIDIF
jal x0,L11

jal x0,L1addi t1,x0,52
jal x0,L1addi t1,x0,5add t3,t1,t23

4
5
6
7
8
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87654321

EXIDIFjal x0,L1

IDIFaddi t1,x0,5

IFadd t3,t1,t2

WBMEXIDIF
jal x0,L11

jal x0,L1addi t1,x0,52
jal x0,L1addi t1,x0,5add t3,t1,t23

4
5
6
7
8

saltar: 
predición fallida
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87654321

MEXIDIFjal x0,L1

IDIFaddi t1,x0,5

IFadd t3,t1,t2

IFL1:sw t4,0(t3)

WBMEXIDIF
jal x0,L11

jal x0,L1addi t1,x0,52
jal x0,L1addi t1,x0,5add t3,t1,t23

jal x0,L1L1:sw t4,0(t3)4
5
6
7
8

saltar: 
predición fallida



101

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
5

Pr
ob

le
m

as
 T

em
a 

7:
D

is
eñ

o 
se

gm
en

ta
do

 d
el

 p
ro

ce
sa

do
r

87654321

WBMEXIDIFjal x0,L1

IDIFaddi t1,x0,5

IFadd t3,t1,t2

IDIFL1:sw t4,0(t3)

WBMEXIDIF
jal x0,L11

jal x0,L1addi t1,x0,52
jal x0,L1addi t1,x0,5add t3,t1,t23

jal x0,L1L1:sw t4,0(t3)4
jal x0,L1L1:sw t4,0(t3)5

6
7
8
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87654321

WBMEXIDIFjal x0,L1

IDIFaddi t1,x0,5

IFadd t3,t1,t2

EXIDIFL1:sw t4,0(t3)

WBMEXIDIF
jal x0,L11

jal x0,L1addi t1,x0,52
jal x0,L1addi t1,x0,5add t3,t1,t23

jal x0,L1L1:sw t4,0(t3)4
jal x0,L1L1:sw t4,0(t3)5

L1:sw t4,0(t3)6
7
8
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87654321

WBMEXIDIFjal x0,L1

IDIFaddi t1,x0,5

IFadd t3,t1,t2

MEXIDIFL1:sw t4,0(t3)

WBMEXIDIF
jal x0,L11

jal x0,L1addi t1,x0,52
jal x0,L1addi t1,x0,5add t3,t1,t23

jal x0,L1L1:sw t4,0(t3)4
jal x0,L1L1:sw t4,0(t3)5

L1:sw t4,0(t3)6
L1:sw t4,0(t3)7

8
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87654321

WBMEXIDIFjal x0,L1

IDIFaddi t1,x0,5

IFadd t3,t1,t2

WBMEXIDIFL1:sw t4,0(t3)

WBMEXIDIF
jal x0,L11

jal x0,L1addi t1,x0,52
jal x0,L1addi t1,x0,5add t3,t1,t23

jal x0,L1L1:sw t4,0(t3)4
jal x0,L1L1:sw t4,0(t3)5

L1:sw t4,0(t3)6
L1:sw t4,0(t3)7

L1:sw t4,0(t3)8
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16151413121110987654321

WBMEXIDIFaddi s0,x0,0

WBMEXIDIFL1:beq t0,x0,L2

WBMEXIDIFadd s0,s0,t0

WBMEXIDIFaddi t0,t0,-1

WBMEXIDIFjal x0, L1

IDIFL2:add s0,s0,s0

IFsw s0,0(gp)

WBMEXIDIFL1:beq t0,x0,L2

IDIFadd s0,s0,t0

IFaddi t0,t0,-1

WBMEXIDIFL2:add s0,s0,s0

WBMEXIDIFsw s0,0(gp)

s0

s0

s0
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2019181716151413121110987654321
WBMEXIDIFaddi s0,x0,0

WBMEXIDIFlw t0,4(gp)

WBMEXIDIDpIFL1:beq t0,x0,L2

WBMEXIDIFIFpadd s0,s0,t0

WBMEXIDIFaddi t0,t0,-1

WBMEXIDIFjal x0,L1

IDIFL2:lw s1,0(gp)

IFadd s1,s0,s1

WBMEXIDIFL1:beq t0,x0,L2

IDIFadd s0,s0,t0

IFaddi t0,t0,-1

WBMEXIDIFL2:lw s1,0(gp)

WBMEXIDIDpIFadd s1,s0,s1

WBMEXIDIFIFpsw s1,0(gp)

t0

s1

s1

t0
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.equ N ...
...
addi s1, zero, N
addi s2, zero, 0
addi s3, zero, 0

for:
beq s2, s1, efor
slli t0, s2, 2
add t0, s0, t0
lw t0, 0(t0)
add s3, s3, t0
addi s2, s2, 1
jal x0, for

efor:
sw s3, 0(gp)
...

3 ciclos

1 ciclo

6 ciclos 
(5 + 1 parada)

3 ciclos
(1 + 2 penalización)

1 ciclo si no salta
3 ciclos si salta

N veces

3 + (1N + 31) + 6N + 3N + 1 = 10N + 7 ciclos

N+1 veces
(N no salta, 1 salta)

N veces salta

3 + (7N + 1) + 1 = 7N + 5 instrucciones ejecutadas

CPI = 10N+7 / 7N+5  10/7 = 1.43
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.equ N ...
...
addi s1, zero, N
addi s2, zero, 0
addi s3, zero, 0

for:
beq s2, s1, efor
slli t0, s2, 2
add t0, s0, t0
lw t0, 0(t0)
add s3, s3, t0
addi s2, s2, 1
jal x0, for

efor:
sw s3, 0(gp)
...

3 ciclos

1 ciclo

6 ciclos 
(5 + 1 parada)

3 ciclos
(1 + 2 penalización)

1 ciclo si no salta
3 ciclos si salta

N veces

3 + (1N + 31) + 6N + 3N + 1 = 10N + 7 ciclos

N+1 veces
(N no salta, 1 salta)

N veces salta

.equ N ...
...
addi s1, zero, N
addi s2, zero, 0
addi s3, zero, 0

for:
beq s2, s1, efor
slli t0, s2, 2
add t0, s0, t0
lw t0, 0(t0)
addi s2, s2, 1
add s3, s3, t0
jal x0, for

efor:
sw s3, 0(gp)
...

9N + 7 ciclos
3 + (7N + 1) + 1 = 7N + 5 instrucciones ejecutadas

CPI = 10N+7 / 7N+5  10/7 = 1.43 CPI  9/7 = 1.29
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 El programa que ejecuta 500 instrucciones tal que:
o 20% de las instrucciones son de tipo lw

• 50% seguidas de una instrucción aritmética que lee el registro cargado
o 15% de las instrucciones son de tipo sw

o 25% de las instrucciones son de tipo beq

• 70% de los casos se salta
o 5% de las instrucciones son de tipo jal

o 35% de las instrucciones son aritmético-lógicas

ଽ
𝒆𝒋𝒆𝒄

Alternativamente: 
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151413121110987654321
WBMEXIDIFaddi s4,zero,2

WBMEXIDIFL1:lw s0,0(s2)

WBMEXIDIFlw s1,0(s2)

WBMEXIDIDpIFadd s3,s0,s1

WBMEXIDIFIFpsw s3,0(s2)

WBMEXIDIFadd s2,s3,s6

WBMEXIDIFand s1,s1,s2

WBMEXIDIFbeq s4,zero,L1

WBMEXIDIFaddi s2,s2,1

WBMEXIDIFor s3,s2,s4

s1

s3

s3

s2

s0

s2

s2
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s2

242322212019181716151413121110987654321
WBMEXIDIFaddi s4,zero,2

WBMEXIDIFL1:lw s0,0(s2)

WBMEXIDIFlw s1,0(s2)

WBMEXIDIDpIDpIFadd s3,s0,s1

WBMEXIDIDpIDpIFIFpIFpsw s3,0(s2)

WBMEXIDIFIFpIFpadd s2,s3,s6

WBMEXIDIDpIDpIFand s1,s1,s2
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WBMEXIDIFIFpIFpaddi s2,s2,1

WBMEXIDIDpIDpIFor s3,s2,s4
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WBMEXIDIFlw t1,0(s1)
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WBMEXIDIDpIFbeq t1,t2,else
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IFjal zero,eif

WBMEXIDIFelse: sub t3,t1,t2

WBMEXIDIFeif: and t4,t3,t1

WBMEXIDIFor t5,t3,t2
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t1 = t2
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WBMEXIDIFjal zero,eif

IDIFelse: sub t3,t1,t2
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WBMEXIDIFbeq s1,zero,L1
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WBMEXIDIFaddi s2,s2,1

WBMEXIDIFaddi s1,s1,-1
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