
Computer Systems, Fourth Edition
 Exercise 12.32 Worksheet

How many bits total are required for all the fields of one cache entry? (g) How many bits
total are required for the entire cache?

26. The CPU of Exercise 25 has a two-way set-associative cache, again with 256 8-byte
cache lines. How many bits are required for each cache entry?

27. In Figure 12.33, (a) draw the implementation of a comparator, the circle with the
equals sign. (Hint: Consider the truth table of an XOR followed by an inverter, some-
times called an XNOR gate.) (b) Draw the implementation of the 32 four-input multi-
plexers. You may use ellipses (...) in both parts of the exercise.

28. A direct-mapped cache is at one extreme of cache designs, with set-associative caches in
the middle. At the opposite extreme is the fully-associative cache where there is in
essence only one entry in the cache of Figure 12.32, and the line field of the address has
zero bits. That is, it is missing altogether, and an address consists of only the tag field
and the byte field. (a) In Figure 12.33, instead of having 8 cache cells, each with 4 lines,
you could use the same number of bits with 1 cache cell having 32 lines. Would this
design increase the cache hit percentage over that in Figure 12.33? Explain. (b) How
many comparitors in the read circuit would be required for the cache of part (a)?

29. Suppose a CPU can address 1 MByte of main memory. It has a fully-associative cache
(see Exercise 28) with 16 32-byte cache lines. (a) How many bits are required for a
memory address? (b) How many bits are required for the byte field of the address? (c)
How many bits are required for the tag field of the address? (d) How many bits are
required for the data field of each cache entry? (e) How many bits total are required
for the entire cache?

30. (a) What is the RTL specification for the lw instruction? (b) For Figure 12.36, write
the control signals to execute the lw instruction.

31. In Figure 12.38, (a) how many bits are in each of the two IF/ID boundary registers?
(b) How many bits are in each of the four ID/Ex boundary registers? (c) How many
bits are in each of the three Ex/Mem boundary registers? (d) How many bits are in
each of the two Mem/WB boundary registers?

32. For Figure 12.40(b), place a checkmark for each circuit that is idle in each of the cycles
in the table below, and list the total number of circuits that are idle for each cycle.
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Cycle 7 8 9 10 11 12 13 14 15 16

IF

ID

Ex

Mem

WB

Number idle

Fully-associative caches
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