ELEC 5200-001/6200-001 Computer Architecture and Design 
Fall 2009
Homework 9 Solution
Assigned 11/9/09, due 11/16/09
Problem 1: 
a. Suppose direct read or write access between a processor and main memory takes 10 cycles. Besides the instruction fetch, needed for every instruction, 20% instructions require an additional memory access. What is the average number of cycles an instruction uses for memory access when the processor is directly connected to the main memory?



b. To improve the performance, we use separate one-level caches for instruction and data, with access times of 1 cycle each. The cache sizes and organizations are such that the hit rates for both instructions and data are 0.95. The miss penalty (time to refresh and access the cache) is 11 cycles for either cache What is the average number of memory access cycles per instruction now?

c. If we were to reduce the miss penalty of just one of the caches, which one should it be – the instruction cache or the data cache? Why?

d. How will you reduce the average memory access time per instruction below 1.5 cycles?
Problem 2:

(a) In a two-level cache system all caches have the same hit rate, h. The time to bring data from L2 cache to L1 cache is ten times that for directly accessing data from L1 cache, which is 1 clock cycle. The time to bring data from the main memory to L2 cache is ten times that for L2 to L1 data transfer. Derive an expression for the average clock cycles taken by a memory read or write operation.
(b) What should be the hit rate if the average data access time is not to exceed 1.75 cycles?

(c) Show that for very small miss rate (m), say m << 0.1, the average memory access time can be approximated as 1 + 10m cycles.
Problem 3: To meet the data access time requirement a one-level SRAM cache system must have a 98% hit rate. However, high cost of static memory forces us to use a smaller size SRAM for which hit rate is 90%. Thus, the access time of one-level cache will exceed the required limit. We add a level-2 DRAM cache to bring the access time to the required value.
(a) Show that the cycle time of the L2 DRAM cache should be no greater than 1/5 that of the main memory.

(b) Show that the hit rate of L2 cache must not be less than 80%.

(c) If the actual cycle time of the L2 DRAM cache is 1/10 that of the main memory cycle time, then what should be the minimum hit rate of the L2 cache?












































































































































































































