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Example

Answer
way cache,

time is difficult to assess.

W way [ 2-way |
W 4way [0 Bway |

Using the data in Figure B.8 in Appendix B and Figure 2.8, determine whether a
32 KiB four-way set associative L1 cache has a faster memory access time than a
32 KiB two-way set associative L1 cache. Assume the miss penalty to L2 is
15 times the access time for the faster L1 cache. Ignore misses beyond L2. Which
has the faster average memory access time?

Let the access time for the two-way set associative cache be 1. Then, for the two-
Average memory access timey.,,, = Hit time + Miss rate x Miss penalty
For the four-way cache, the access time is 1.4 times longer. The elapsed time of the

miss penalty is 15/1.4=10.1. Assume 10 for simplicity:

Average memory access time, way = Hit times.yqay % 1.4 + Miss rate x Miss penalty
=14+0.037x10=1.77

Clearly, the higher associativity looks like a bad trade-off; however, because cache
access in modern processors is often pipelined, the exact impact on the clock cycle
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Example

Answer

Assume a main memory access time of 36 ns and a memory system capable of a
sustained transfer rate of 16 GiB/s. If the block size is 64 bytes, what is the maximum
number of outstanding misses we need to support assuming that we can maintain the
peak bandwidth given the request stream and that accesses never conflict. If the prob-
ability of a reference colliding with one of the previous four is 50%, and we assume
that the access has to wait until the earlier access completes, estimate the number of
maximum outstanding references. For simplicity, ignore the time between misses.

In the first case, assuming that we can maintain the peak bandwidth, the memory
system can support (16 x 10)°/64 =250 million references per second. Because
each reference takes 36 ns, we can support 250 x 10° x 36 x 107 =9 references.
If the probability of a collision is greater than 0, then we need more outstanding ref-
erences, because we cannot start work on those colliding references; the memory
system needs more independent references, not fewer! To approximate, we can sim-
ply assume that half the memory references do not have to be issued to the memory.
This means that we must support twice as many outstanding references, or 18.
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