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Ideal speedup is number of stages in the pipeline.  Do we 
achieve this?
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IM Reg

IM Reg

CC 1 CC 2 CC 3 CC 4 CC 5 CC 6

Time (in clock cycles)
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execution�
order�
(in instructions)

and $12, $2, $5

IM Reg DM Reg

IM DM Reg

IM DM Reg

CC 7 CC 8 CC 9

10 10 10 10 10/– 20 – 20 – 20 – 20 – 20

or $13, $6, $2

add $14, $2, $2

sw $15, 100($2)

Value of �
register $2:

DM Reg

Reg

Reg

Reg

DM



����� ���	
��	��

�	
���9���������� ����������� ��������

:�%	�(����
	���������		������,��"


$�	�	�"��+	���
	�����	�7���
8 '

sub $2, $1, $3
and $12, $2, $5
or $13, $6, $2
add $14, $2, $2
sw $15, 100($2)
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lw $t0, 0($t1)
lw $t2, 4($t1)
sw $t2, 0($t1)
sw $t0, 4($t1)
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Generalizat ion of 
regist ers and 

operand coding

Complex inst ruct ions, 
addressing modes

Addressing
feat ures, eg

index regist ers

RISCs

Primit ive Machines 
wit h direct  

implement at ions

VLIWs,
Super-Scalars ?

Pipelines, Bypasses,
Annulment , …, ...
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Memory Hierarchy
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Levels in  the�
memory h ierarchy

Increasing distance �
from the CPU in �

access time 

Size of the memory at each level
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Why does code have locality?


