Q1. A set-associative cache consists of 64 lines, or slots, divided into four-line sets. Main memory contains 4K blocks of 128 words each. Show the format of main memory addresses.

 Solution:

W = log2(128) = 7 bits

Set = log2(no. of sets) = log2(16)=4 bits

Tag = log2(no. of blocks/no. of sets) = log2(4K/16) = 8 bits

Memory address = 7+4+8 = 19 bits

Q2. A two-way set-associative cache has lines of 128 bytes and a total size of 2 kbytes. The 64-Mbyte main memory is byte addressable.
a) Show the format of main memory addresses.

 Solution:

W = log2(128) = 7 bits

Set= log2(no. of sets) = log2(2K/(2*128)) = 3 bits

Tag = log2(no. of blocks/no. of sets) = 16 bits 
b) Using LRU cache replacement rule, find if a miss or a hit occurs for the given sequence of main memory block addresses? Show the final content of the cache.


	Memory Block #
	B0
	B4
	B7
	B8
	B16
	B12
	B8
	B0
	B16

	Cache Set #
	0
	4
	7
	0
	0
	4
	0
	0
	0

	Hit (H) or Miss (M)
	M
	M
	M
	M
	M
	M
	H
	M
	M


	
	Cache content

	Set No.
	Line i
	Line i+1

	0
	B0
	B16

	1
	-
	-

	2
	-
	-

	3
	-
	-

	4
	B4
	B12

	5
	-
	-

	6
	-
	-

	7
	B7
	-


Q3. Consider a machine with a byte addressable main memory of 216 bytes and block size of 8 bytes. Assume that a direct mapped cache consisting of 32 lines is used with this machine.

a. How is a 16-bit memory address divided into tag, line number, and byte number?

W= log2(8) = 3 bits

R = log2(no. of lines) = 5 bits

Tag = log2(no. of blocks in mem./ no. of lines in cache) = 8 bits
Memory address = 3 + 5 + 8 = 16 bits
b. Into what line would bytes with each of the following addresses be stored?

     0001 0001 0001 1011 goes to line 3
    1100 0011 0011 0100  goes to line 6
    1101 0000 0001 1101  goes to line3
    1010 1010 1010 1010  goes to line 21
c. Suppose the byte with address 0001 1010 0001 1010 is stored in the cache. What are the addresses of the other bytes stored along with it?

Solution:

0001 1010 0001 1010 goes to line 3 in the cache. The least significant 3 bits specify the word (byte) in the line (or block). Therefore the we fix tag and line identifier (r) and take all combinations of w. the 8 bytes in line3 are:
0001 1010 0001 1000

0001 1010 0001 1001

0001 1010 0001 1010

0001 1010 0001 1011

0001 1010 0001 1100

0001 1010 0001 1101

0001 1010 0001 1110

0001 1010 0001 1111

d. How many total bytes of memory can be stored in the cache?

  32 lines * 8 bytes each line = 256 bytes
e. Why is the tag also stored in the cache?

Because each line can contain different memory blocks, a unique tag identifier of each block is stored in cache to allow CPU checks which block is stored in a particular cache line.
