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Problem 1: 
(a) A one-level SRAM cache is n times faster than the main memory whose cycle time is T. Show that this cache will provide an average memory access speed up of n/(1 + n – nh), where h is the hit rate of the cache. Also, show that irrespective of how fast the cache hardware is made the speed up cannot exceed 1/(1 – h).
(b) Show that the average memory access speed up has an upper bound 1/(m1×m2), where m1 and m2 are the miss rates of L1 and L2 caches, respectively.
Problem 2: To meet the data access time requirement of a computer its cache system is to have a 98% hit rate. However, to reduce the cost and to match the speeds of the processor and memory, we are forced to use a smaller size SRAM, which when placed in a 1-level cache system can only provide a 60% hit rate. 
(a) If the main memory is 70 times slower than the SRAM cache hardware, find the average data access time for the 1-level cache with 60% hit rate, expressed in terms of T1, the cycle time of the SRAM cache. Show that this data access time is about twelve times longer than that if the hit rate was 98%, i.e., cache was larger but still had a fast cycle time matching the speed of the processor.

(b) We add a level-2 cache to bring the data access time to the required value. The cycle time of the L2 cache is 1.2 times slower than the L1 SRAM. Determine the minimum hit rate for the L2 cache.

Problem 3: For a two-level cache, the cycle times for L1 and L2 caches and main memory are 1, 10 and 200 clock cycles, respectively. Both L1 and L2 caches have the same hit rate h. What should h be so that the average data access time of this cache system is 2 cycles?

Problem 4: Consider a processor that uses a 32-bit virtual memory address. The memory consists of 32-bit words and is byte addressable. Determine,

a. How many bytes the virtual memory can have?

b. If the page size is 32KB how many records should the page table hold?

c. How much data space physical memory should have to hold 32K pages.
