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1. Pipelined processors
What is the advantage of having a pipelined processor? Make sure you
recall what structural and data hazards are. Consider a five stage MIPS
pipeline. Assume that the processor has one memory port. Track the
state of the pipeline at each cycle while executing the following sequence
of instructions.

add $t0, $t3, $t4
lw $t2, 4($t4)
add $t3, $t2, $t1
lw $t8, 3($t9)
add $t4, $t5, $t6
xor $t1, $t2, $t3
add $t7, $t3, $t4

Will adding a memory port change anything?

2. Direct-mapped cache
Consider a simple direct-mapped cache with 4 lines, each containing 2
bytes of data and a tag field of appropriate size for 6-bit addresses. Assume
that the cache is initially empty and that memory is byte-addressable.

For the following pattern of cache accesses:

Access Number Address
1 1 0 1 1 0 0
2 0 0 1 0 1 1
3 0 1 1 0 0 1
4 0 1 0 0 0 1
5 1 0 1 1 0 0
6 0 1 1 0 0 1
7 1 0 0 1 1 0

draw up a table of form
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Access Number Tag Index Line 0 Line 1 Line 2 Line 3 Hit/Miss
1
2
3
4
5
6
7

that summarises the contents of the cache after each access. In the Tag
and Index columns, write the decimal values of the tag and index compo-
nents of each access address. Then, in each row, if Line i is occupied with
the memory block with tag t, write the decimal value of t in the column
for Line i, and record in the Hit/Miss column an H or an M to indicate
whether the access is a hit or a miss. If a line is empty after some access,
leave the entry for that line and access number blank.

3. Fully-associative cache
Consider again a cache with 4 lines, each containing 2 bytes of data, and
assume addresses are 6 bits wide, but this time assume the cache is fully-
associative. With the same pattern of accesses as before, draw up a table
of form

Access Number Tag Line 0 Line 1 Line 2 Line 3 Hit/Miss
1
2
3
4
5
6
6

that summarises the contents of the cache after each access.

Assume that empty cache lines are filled in order and assume an LRU (least
recently used) replacement policy. Note how the table would change if a
FIFO (first in first out) replacement policy were used instead.
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