Consider the following series of address references:
12, 16, 40, 12, 0, 24, 20, 16, 0, 32, 36, 4, 0, 40

For each address, show the binary value, and the Cache Tag, Cache Index, and Byte Select, for
each cache. Then, label each reference as a hit or miss, and show the final cache contents, for
each of the following caches. Assume LRU replacement (where appropriate).

a.) Direct-mapped, 8x 4-byte blocks.
b.) Direct-mapped, 16-byte blocks, total size of 32 bytes.
c.) Two-way set associative, 4-byte blocks, total size of 32 bytes.

d.) Fully associative, 8-byte blocks, total size of 32 bytes.



12(1100 0 3 3 o| Miss
16{10000 0 4 4 ol Miss
40[101000 0 10 2 1| pMiss
12(1100 0 3 3 ol Lt
00 0 0 0 o|miss
24{11000 0 6 6 0| Miss
20{10100 0 5 5 0| muss
16{10000 0 4 4 oltit
olo 0 0 0 ollut
32/100000 0 8 0 1|/e 3
36/100100 0 9 1 1miss
4|100 0 1 1 o|lMmiss
olo 0 0 0 o| Aoss
40{101000 0 10 2 1|\t

D

Direct-mapped, 8x4 byte blocks
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12[1100 0 0 o| Mss
16[10000 0 1 1 o puss
40101000 8 2 0 1|mes®
12[1100 12 0 0 oM
olo 0 0 0 o|H. +
24(11000 8 q 1 o| H.
20[10100 4 1 1 o|H: +
16/10000 0 1 i o|H: f
olo 0 0 0 o| ot
32[100000 0 2 0 1| miss
36/100100 4 2 0 1| Kt
4]100 4 0 0 o| /o3
olo 0 0 0 of (.t
40[101000 8 2 0 1| Mmiss
Direct—mapgic‘i,;a)(mbyte blocks
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12[1100 0 3 3 ol s
16/10000 0 4 0 1| Miss
40[101000 0 10 p) 2| M55
121100 0 3 3 ofH/f

olo 0 0 0 o|Miss
24[11000 0 6 2 1| Miss
20[10100 0 5 1 1| miss
16{10000 0 4 0 1| Mok

olo 0 0 0 o ¥

32[100000 0 8 0 2| M3
36[100100 0 9 1 2| MisS
4100 0 1 1 | /1%
olo 0 0 0 ol H'T
40[101000 0 10 2 2| Hi+

2-way set associative, 4-byte blocks, total of 32 bytes
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Note: which side any access is does not matter,
but who you replace does matter




12[1100 4 1[N/A 1| Aiss
1610000 0 2|N/A 2| mies
40(101000 0 5|N/A 5| Mmiss
12(1100 4 1[N/A 1| Koe
0|0 0 0|N/A o| M55
24{11000 0 3{n/A 3|0 ss
20/10100 4 2|N/A 2|M53
16{10000 0 2|N/A 2| Hed
0/0 0 0|N/A o| -t
32|100000 0 a|N/A 4l pcss
36/100100 4 4|N/A 4|+
4|100 4 o[n/A ol 1 +
olo 0 o[N/A o|H f
40[101000 0 5|N/A 5| AMus D

Fully Associative, 4x8-byte blocks

0| =15
= 2~ 39

1| +6=Z3_ Yyou7
24=31
2| yo—=47
|6 =23
3 0 Wy

Note: where the access lands does not matter
but who you replace does.



Compute the total number of bits needed to implement each of the caches from the previous
problem. This number is different from the size of the cache, which usually refers to the number
of bytes of data stored in the cache. The total number of bits needed to implement the cache
represents the total amount of memory needed for storlng all the data, tags, and valid bits. AS Suae
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You are given the following memory system.

Level Hit Time Hit Rate
L1 . 2 Cycle 95%

L2 8 Cycles 80%
Main Memory 80 Cycles 95%
Disk 50,000 Cycles 100%

For each of the following changes, indicate which level should be modified to yield the fastest
system. Some changes may decrease performance over the original, but you must make the
modification to one of the levels. The changes are separate (i.e. change b is on the original
system, not on the one changed by change a). Note that the miss rate for the disk cannot be
changed, so the right answer for ¢ & d cannot be “disk”.

a.)Decrease the hit time by a factor of 2.
b.)Increase the hit time by a factor of 2.
c.)Decrease the miss rate by a factor of 2.

d.)Increase the miss rate by a factor of 2.
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