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Problem :  (5 marks) Bits in  a Cache
a) How many total bits are required for a direct-mapped cache with 16KB of data and 16-word blocks, assuming a 32-bit address?

16KB = 4k words, which is 212 words

Block Size 16 words ( 24)   ==> 28 blocks

Each Block has 16×32 = 512 of data

Tag = 32-8-4-2 = 18 bits

Total Cache Size = 28×(512+18+1)=135936

                                 4864 bits overhead

b) Show the portions of an address in this mapping
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Problem :  (5 marks) Missed and Associativity in Caches
Consider a small cache consisting of a total size of 16 words, configured as direct mapped with one-word blocks. Show the hits and misses and final cache contents given the following sequence of word addresses:    2, 3, 11, 16, 21, 13, 64, 48, 19, 11, 3, 22, 4, 27, 6 , 11
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Problem :  (8 marks) Missed and Associativity in Caches

Consider a small cache consisting of a total size of 16 words, configured as direct mapped with four-word blocks. Show the hits and misses and final cache contents given the following sequence of word addresses:    2, 3, 11, 16, 21, 13, 64, 48, 19, 11, 3, 22, 4, 27, 6 , 11
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	References
	Block #

(Memory)
	Block #

(Cache)
	Hit/Miss
	4 words block

	2
	0
	0
	×
	0    1    2    3

	3
	0
	0
	(
	0    1    2    3

	11
	2
	2
	×
	8   9   10   11

	16
	4
	0
	×
	16  17  18  19

	21
	5
	1
	×
	20  21  22  23

	13
	3
	3
	×
	12  13  14  15

	64
	16
	0
	×
	64  65  66  67

	48
	12
	0
	×
	48  49  50  51

	19
	4
	0
	×
	16  17  18  19

	11
	2
	2
	(
	8   9   10   11

	3
	0
	0
	×
	0    1    2    3

	22
	5
	1
	(
	20  21  22  23

	4
	1
	1
	×
	4    5    6    7

	27
	6
	2
	×
	24  25  26  27

	6
	1
	1
	(
	4    5    6    7

	11
	2
	2
	×
	8   9   10   11


Problem :  (8 marks) Missed and Associativity in Caches

Repeat the above Problem if it is:
Two-way set associative with one-word blocks (assume LRU replacement) given the following sequence of word addresses:    2, 3, 11, 16, 21, 13, 64, 48, 19, 11, 3, 22, 4, 27, 6 , 11
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Problem 4:  (8 marks) Bits in  a Cache

For a cache of 16k blocks, a four-word block size, and a 32-bit address. Find the total number of sets and the total number of tag bits for caches that are: direct mapped, two-way and four-way set associative, and fully associative.

	Cache
	Total number of sets
	Total number of tag bits

	Direct-Mapped
	214
	224 kbits

	Two-way set-associative
	213
	240 kbits

	Four-way set-associative
	212
	256 kbits

	Fully associative
	1
	448 kbits


Direct mapped:
214 Blocks

22 Words/Block

Tag bits = 32-14-2-2 =14

Total # of sets = 214 sets

Total # of Tag bits = 14×214 = 14×24×210 bits = 224 kbits

Two-way-set-associative:

213 sets

22 Words/Block

Tag bits = 32-13-2-2 =15

Total # of sets = 213 sets

Total # of Tag bits = 15×2×213 = 15×24×210 bits = 240 kbits
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Set#
Address
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111
16   64   48
2
3   19   3
4
21
22   6
11   27   11
13
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