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addi sp, sp, -12
sw s0, 8(sp)
sw s1, 4(sp)
sw s2, 0(sp)

prólogo

lw s0, 8(sp)
lw s1, 4(sp)
lw s2, 0(sp)
addi sp, sp, 12

epílogo

addi sp, sp, -16
sw ra, 12(sp)
sw s0, 8(sp)
sw s1, 4(sp)
sw s2, 0(sp)

prólogo

lw ra, 12(sp)
lw s0, 8(sp)
lw s1, 4(sp)
lw s2, 0(sp)
addi sp, sp, 16

epílogo

La función invocante recogería el resultado del registro a0
Esta función respeta el estándar de llamadas del RISC-V
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Dependencias de datos

...

bucle:

beq t0,s2,finb

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

lw a1,0(s1)

or a0,a0,a1

addi t0,t0,1

j bucle

finb:

...
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Diagrama de ejecución

1413121110987654321

WBMEXIDIFbeq t0,s2,finb

WBMEXIDIFsw zero,0(s0)

WBMEXIDIFsw t1,0(s0)

WBMEXIDIFslli a0,a0,1

WBMEXIDIFlw a1,0(s1)

WBMEXIDIDpIFor a0,a0,a1

WBMEXIDIFIFpaddi t0,t0,1

WBMEXIDIFj bucle

IDIFlw s0,8(sp)

IFlw s1,4(sp)

EXIDIFbeq t0,t0,finb

a1

ep
ílo

go
citeración = 11

a0

No hay conflicto entre addi y beq porque beq lee t0 del BR en
un ciclo posterior al ciclo en que lo escribe addi
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1413121110987654321

WBMEXIDIFbeq t0,s2,finb

WBMEXIDIFsw zero,0(s0)

WBMEXIDIFsw t1,0(s0)

WBMEXIDIFslli a0,a0,1

WBMEXIDIFlw a1,0(s1)

WBMEXIDIFaddi t0,t0,1

WBMEXIDIFor a0,a0,a1

WBMEXIDIFj bucle

IDIFlw s0,8(sp)

IFlw s1,4(sp)

MEXIDIFbeq t0,t0,finb

a1

ep
ílo

go
citeración = 10

Intercambiando el orden de la instrucción or y addi se evita
la parada obligada por el conflicto entre la instrucción lw y la or

a0
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...
bucle:
beq t0,s2,finb
sw zero,0(s0)
sw t1,0(s0)
slli a0,a0,1
lw a1,0(s1)
or a0,a0,a1
addi t0,t0,1
j bucle

finb:
...

24 veces

24+1 veces
(24 no salta, 1 salta)

N = 824 + 1 = 193

cmonociclo = 193

cmulticiclo = (3 + 5 + 46)24 + 3 = 771

clw crestocbeq cbeq

csegmentado = 1124 + 3 = 267

citeración cbeq (salto tomado)

CPImonociclo = 193 / 193 = 1

CPImulticiclo = 771 / 193 = 3.99

CPIsegmentado = 267 / 193 = 1.38

tmonociclo = 19327.6 ns= 5.33 s

tmulticiclo = 7719.8 ns = 7.56 s 

tsegmentado = 26710.5 ns = 2.8 s
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B/MP = 1 MB = 220 → n = 20

B/palabra = 4 = 22 → k = 2

palabras/bloque = 16B/4B = 4 = 22 → p = 2

n = b + p + k                                        → b = 16

marcos/MC = 128B/16B = 8 = 23 → m = 3

b = e + m                                             → e = 13

20 bits

E M

13 bits 3 bits

B DIRMP

DIRMC

P

P

K

K

16 bits 2 b 2 b

2 b 2 b
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Procesador multiciclo

2019181716151413121110987654321

EXIDIFbeq t0,s2,finb

MEXIDIFsw zero,0(s0)

MEXIDIFsw t1,0(s0)

WBEXIDIFslli a0,a0,1

WBMEXIDIFlw a1,0(s1)

...

...
bucle:
beq t0,s2,finb
sw zero,0(s0)
sw t1,0(s0)
slli a0,a0,1
lw a1,0(s1)
or a0,a0,a1
addi t0,t0,1
j bucle

finb:
...

dir. instr.
(ciclo*)

dir. datos
(ciclo*)

0x00050  (1)
0x00054  (4)
0x00058  (8)
0x0005c (12)
0x00060 (16)
0x00064 (21)
0x00068 (25)
0x0006c (29)

---
0x01000  (7)
0x01000 (11)

---
0x01004 (19)

---
---
---

0x00050
0x00054
0x00058
0x0005c
0x00060
0x00064
0x00068
0x0006c

*Suponiendo tpenalización de MC = 0
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Simulación
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
00

50

60

70

MC
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Simulación (ciclo 1)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
00

50

60

70

MC

0000.0000.0000.0101 00 0000050

0000.0000.0000.0 00 00

MP

MC101

B

M



E P

00050
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00

Simulación (ciclo 1)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
00

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0000.0000.0101 0000050

0000.0000.0000.0 00 00

MP

MC101

B

ME P

00050
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Simulación (ciclo 1)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
00

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0000.0000.0101 00 0000050

0000.0000.0000.0 00

MP

MC101

B

ME P

00

beq t0,t0,finb
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Simulación (ciclo 4)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
00

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0000.0000.0101 01 0000054

0000.0000.0000.0 01 00

MP

MC101

B

ME



P

00054
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Simulación (ciclo 4)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
00

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0000.0000.0101 01 0000054

0000.0000.0000.0 00

MP

MC101

B

ME

01

P

sw zero,0(s0)



15

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
3

Ex
am

en
 d

e 
pr

ue
ba

3 
de

 m
ay

o 
de

 2
02

3

Simulación (ciclo 7)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
00

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0001.0000.0000 00 0001000

0000.0001.0000.0 00 00

MP

MC000

B

ME P



01000
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Simulación (ciclo 7)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0001.0000.0000 0001000

0000.0001.0000.0 00 00

MP

MC000

B

ME P

01000
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Simulación (ciclo 7)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0001.0000.0000 00 0001000

0000.0001.0000.0 00

MP

MC000

B

ME P

00

01000
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Simulación (ciclo 8)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0000.0000.0101 10 0000058

0000.0000.0000.0 10 00

MP

MC101

B

ME



P

00058
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Simulación (ciclo 8)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

0000.0000.0000.0101 10 0000058

0000.0000.0000.0 00

MP

MC101

B

ME

10

P

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

sw t1,0(s0)
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Simulación (ciclo 11)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

 MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0001.0000.0000 00 0001000

0000.0001.0000.0 00 00

MP

MC000

B

ME P

01000
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Simulación (ciclo 11)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0001.0000.0000 00 0001000

0000.0001.0000.0 00

MP

MC000

B

ME P

00

01000
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Simulación (ciclo 12)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

0000.0000.0000.0101 11 000005c

0000.0000.0000.0 11 00

MP

MC101

B

ME



P

0005c



23

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
3

Ex
am

en
 d

e 
pr

ue
ba

3 
de

 m
ay

o 
de

 2
02

3

Simulación (ciclo 12)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

0000.0000.0000.0101 11 000005c

0000.0000.0000.0 00

MP

MC101

B

ME

11

P

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

slli a0,a0,1
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Simulación (ciclo 16)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

0000.0000.0000.0110 00 0000060

0000.0000.0000.0 00 00

MP

MC110

B

ME P

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

60

70

MC

00060
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Simulación (ciclo 16)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

0000.0000.0000.0110 00 0000060

0000.0000.0000.0 00 00

MP

MC110

B

ME P

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

6lw a1,0(s1)00001
or a0,a0,a1

addi t0,t0,1

j bucle

70

MC

00060
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Simulación (ciclo 16)
Bdir

000000000
00004
00008
0000C

0005beq t0,s2,finb00050bucle:

sw zero,0(s0)00054
sw t1,0(s0)00058
slli a0,a0,10005C

0006lw a1,0(s1)00060
or a0,a0,a100064
addi t0,t0,100068
j bucle0006C

000700070finb:

0100CTRL01000DIR_CTRL:

DATA01004DIR_DATA:

01008
0100C

ffffffff0
ffff4
ffff8
ffffc

MP

0000.0000.0000.0110 00 0000060

0000.0000.0000.0 00

MP

MC110

B

ME P

MEV
0CRTL00200

DATA

5beq t0,s2,finb00001

sw zero,0(s0)

sw t1,0(s0)

slli a0,a0,1

6lw a1,0(s1)00001
or a0,a0,a1

addi t0,t0,1

j bucle

70

MC

00

lw a1,0(s1)
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Procesador multiciclo

...
bucle:
beq t0,s2,finb
sw zero,0(s0)
sw t1,0(s0)
slli a0,a0,1
lw a1,0(s1)
or a0,a0,a1
addi t0,t0,1
j bucle

finb:
...

0x00050
0x00054
0x00058
0x0005c
0x00060
0x00064
0x00068
0x0006c

DIR

0x00050
0x00054
0x01000
0x00058
0x01000
0x0005c
0x00060
0x01004
0x00064
0x00068
0x0006c

B

5
5
100
5
100
5
6
100
6
6
6

M

5
5
0
5
0
5
6
0
6
6
6

1













2-24













F = 3/(1124+1) = 1.13%

25



num. iteración
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Procesador segmentado (i)

1413121110987654321

WBMEXIDIFbeq t0,s2,finb

WBMEXIDIFsw zero,0(s0)

WBMEXIDIFsw t1,0(s0)

WBMEXIDIFslli a0,a0,1

WBMEXIDIFlw a1,0(s1)

WBMEXIDIDpIFor a0,a0,a1

WBMEXIDIFIFpaddi t0,t0,1

WBMEXIDIFj bucle

IDIFlw s0,8(sp)

IFlw s1,4(sp)

EXIDIFbeq t0,t0,finb

*Suponiendo tpenalización de MC = 0

dir. instr.
(ciclo*)

0x00050 (1)

0x00054 (2)

0x00058 (3)

0x0005c (4)

0x00060 (5)

0x00064 (6)

0x00068 (7)

0x00068 (8)

0x0006c (9)

0x00070 (10)

0x00074 (11)

0x00050 (12)

dir. datos
(ciclo*)

0x01000 (5)

0x01000 (6)

0x01004 (8)



29

FC-2

ve
rs

ió
n

 1
5

/0
1

/2
3

Ex
am

en
 d

e 
pr

ue
ba

3 
de

 m
ay

o 
de

 2
02

3

Procesador segmentado (ii)

DIR

0x00050
0x00054
0x00058
0x0005c
0x00060
0x00064
0x00068
0x00068
0x0006c
0x00070
0x00074

B

5
5
5
5
6
6
6
6
6
7
7

M

5
5
5
5
6
6
6
6
6
7
7

1













2-24













F = 3/(1124+3) = 1.12%

25



num. iteración
DIR

0x01000
0x01000
0x01004

B

100
100
100

M

0
0
0

1





2-25





F = 1/(324) = 1.39%

num. iteración

Cache de instrucciones Cache de datos
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Procesador multiciclo

...
bucle:
beq t0,s2,finb
sw zero,0(s0)
sw t1,0(s0)
slli a0,a0,1
lw a1,0(s1)
or a0,a0,a1
addi t0,t0,1
j bucle

finb:
...

0x00080
0x00084
0x00088
0x0008c
0x00090
0x00094
0x00098
0x0009c

DIR

0x00080
0x00084
0x01000
0x00088
0x01000
0x0008c
0x00090
0x01004
0x00094
0x00098
0x0009c

B

8
8
100
8
100
8
9
100
9
9
9

M

0
0
0
0
0
0
1
0
1
1
1

1













2-24













25



F = (7+623+1)/(1124+1) = 55,1 %
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