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Problem	3.4:	Branch	Prediction
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Branch	Prediction
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Add	Branch	History	Table	(BHT)…
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Add	Branch	Target	Buffer	(BTB)…
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Add	Branch	Target	Buffer	(BTB)…
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Add	Branch	Target	Buffer	(BTB)…
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Add	Branch	Target	Buffer	(BTB)…
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1X	:	Guess	Not	Taken
0X	:	Guess	Taken
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A			P			F			B			I				J			R			E
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Problem	3.6:	Out-of-order	execution	with	Physical	register	file
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

1.	The	first	three	instructions	from	the	next	loop	iteration	are	issued	into	the	ROB.
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

1.	The	first	three	instructions	from	the	next	loop	iteration	are	issued	into	the	ROB.

lw P5 r1 P4 P7

P7

x
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

1.	The	first	three	instructions	from	the	next	loop	iteration	are	issued	into	the	ROB.

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

1.	The	first	three	instructions	from	the	next	loop	iteration	are	issued	into	the	ROB.

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8

beqz P7x
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8

beqz P7x

2.	All	instructions	which	are	ready	execute.
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8

beqz P7x

2.	All	instructions	which	are	ready	execute.

x
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8

beqz P7x

2.	All	instructions	which	are	ready	execute.
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8

beqz P7x

2.	All	instructions	which	are	ready	execute.
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8

beqz P7x

x
x

x
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p
p
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3.	As	many	instructions	as	possible	commit.

p

p
p

p
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8

beqz P7x

x
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3.	As	many	instructions	as	possible	commit.

0
8004
8

p
p
p

p

p
p

p

03/18/2016 6.823	Spring	2016 38



lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8

beqz P7x

x
x

x

3.	As	many	instructions	as	possible	commit.
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7

P7

x
addi P5 r2 P5 P8x

P8

beqz P7x

x
x
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3.	As	many	instructions	as	possible	commit.
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7
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x
addi P5 r2 P5 P8x

P8

beqz P7x
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4.	The	processor	detects	that	the	beqz	instruction	has	been	mispredicted,	and	
thus,	recovery	action	is	taken.

px
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7

P4

x
addi P5 r2 P5 P8x

P5

beqz P7x
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4.	The	processor	detects	that	the	beqz	instruction	has	been	mispredicted,	and	
thus,	recovery	action	is	taken.
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lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

Out-of-order	execution	with	Physical	register	file

lw P5 r1 P4 P7
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x
addi P5 r2 P5 P8x
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beqz P7x
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5.	The	beqz	instruction	commits.

x
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Out-of-order	execution	with	Physical	register	file

5.	The	beqz	instruction	commits.

lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

P4
P5
P3
P0

0
8004 p

p
7 p

8016 p P9
P1
P2
P6
P7
P8
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Out-of-order	execution	with	Physical	register	file

lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

P4
P5
P3
P0

0
8004 p

p
7 p

8016 p P9
P1
P2
P6
P7
P8

6.	The	correct	next	instruction	is	fetched	and	is	written	into	the	ROB.
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Out-of-order	execution	with	Physical	register	file

lw    r1, 0 (r2)
addi  r2, r2, 4
beqz  r1, skip
addi  r3, r3, 1
bne   r2, r4, loop

loop:

skip:

P4
P5
P3
P0

0
8004 p

p
7 p

8016 p P9
P1
P2
P6
P7
P8

6.	The	correct	next	instruction	is	fetched	and	is	written	into	the	ROB.

x bne p P5 P0p
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That’s	all	for	today…
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