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On load we look in the TAG entries for the address we’re loading
Found à a HIT, return the DATA
Not Found à a MISS, go to memory for the data and put it and 

the address (TAG) in the cache
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Usually get more data than requested (Why?)
a LINE is the unit of memory stored in the cache
usually much bigger than 1 word, 32 bytes per line is common
bigger LINE means fewer misses because of spatial locality
but bigger LINE means longer time on miss
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A 1MByte cache may have 32k different lines each of 32 bytes
We can’t afford to sequentially search the 32k different tags
ASSOCIATIVE memory uses hardware to compare the address to 

the tags in parallel but it is expensive and 1MByte is thus unlikely

,-5 :�!�

C�"

,-5 :�!�

C�"

,-5 :�!�

C�"

%��	���
-��
���

�%,

:�!�
1�!



����� ���	
����
�
���������	�������� ��
������� ����������

,	��	�������� # - �	������$
���

A 1MByte cache may have 32k different lines each of 32 bytes
We can’t afford to sequentially search the 32k different tags
ASSOCIATIVE memory uses hardware to compare the address to 

the tags in parallel but it is expensive and 1MByte is thus unlikely
DIRECT MAPPED CACHE computes the cache entry from the 

address
multiple addresses map to the same cache line
use TAG to determine if right 

Choose some bits from the address to determine the Cache line
low 5 bits determine which byte within the line
we need 15 bits to determine which of the 32k different lines 

has the data
which of the 32 – 5 = 27 remaining bits should we use?
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•With 8 byte lines, the bottom 3 bits determine the byte within the line

•With 4 cache lines, the next 2 bits determine which line to use

1024d = 10000000000b à line = 00b = 0d

1000d = 01111101000b à line = 01b = 1d

1040d = 10000010000b à line = 10b = 2d
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•What happens when we now ask for address 1008?

1008d = 01111110000b à line = 10b = 2d

but earlier we put 1040d there...

1040d = 10000010000b à line = 10b = 2d
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The MISS PENALTY is the time it takes to read the memory if it isn’t 
in the cache
50 to 100 cycles is common.

The MISS RATE is the fraction of accesses which MISS
The HIT RATE is the fraction of accesses which HIT
MISS RATE + HIT RATE = 1

Suppose a particular cache has a MISS PENALTY of 100 cycles 
and a HIT RATE of 95%. The CPI for load on HIT is 5 but on a 
MISS it is 105. What is the average CPI for load?

Average CPI = 10

Suppose MISS PENALTY = 120 cycles?

then CPI = 11 (slower memory doesn’t hurt much)

5 * 0.95 + 105 * 0.05 = 10
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