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* Assume a computer systems with the following characteristics: The
CPU uses virtual memory (unified data- and instructions) using 32-bit
virtual addresses. There is a maximum of 32 MB of physical primary
memory, and a two-way set associative 16 KB cache. The hit-time in
this cache is 1,5 ns. A 32-entry fully associative TLB is used for virtual-
to-physical address translations . %he TLB hit-time is 1 ns. The page
size is 16 KB, and the cache uses a block size of 4 words.

The cache, the TLB, and the virtual memory uses a “write-back” (“copy-
back”) strategy. The replacement algorithm used by the cache is
“Random’, and for the virtual memory an approximative “LRU” using 2-
bit time “time stamps” per page. Virtual memory pages that belongs to
the OS are marked with a “protection bit” to protect it from user
process accesses. In maximum, 16 processes are active at any given
time. The Page Tables do not store secondary storage addresses when
the pages are not in primary memory.
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* a. How many bits must the cache memory be able to
store ? (4 p)

* b. How many bytes is needed to store the Page Tables ?
(4p)

* c¢. How many bits must the TLB be able to store ? (4 p)

 d. What is the maximum clock frequency the
processor can have (assuming the critical timing path
is constrained by TLB and cache) (6 p)?
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