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1. (20%) Consider a program which runs on a 1GHz machine in 10 seconds. An optimization is made such that all instances of multiplying a value x by 4 (mul x, 4) is replaced with two instructions that set x to x+x twice (add x, x). The CPI of a multiply instruction is 4 and the CPI of an add is 1. After recompiling, the optimized program now runes in 9 seconds on the same machine. How many multiplies were replaced by this optimization?
2. (15%) Show the IEEE 754 binary representation for the decimal floating-point number 20.1 in single precision.
3. (15%) Please compare the advantages and disadvantages between single-cycle and multi-cycle implementation of processor.

4. (15%) There are three possible data hazards such as RAW (read after write), WAR (write after read) and WAW (write after write). Please explain these data hazards and give one example for each hazard. 

5. (10%) Suppose that data references constitute 40% of the mix, and that the ideal CPI of the pipelined processor, ignoring the structural hazard, is 1. Assume that the processor with the structural hazard has a clock rate that is 1.05 times higher than the clock rate of the processor without the hazard. Disregarding any other performance losses, is the pipeline with or without the structural hazard faster, and by how much? 

6. (10%) The protocols to maintain coherence for multiple processors are called cache coherence protocols. Snooping protocol is one of the popular protocols. There are two ways to maintain the coherence requirement in Snooping protocol such as “write invalidate protocol” and “write update protocol.” Please explain them. 

7. (15%) 

(a) There are two basic options when writing to the cache such as “Write through” and “Write back.” Please explain them. (10%)

(b) “Victim cache” is a technique of reducing miss penalty. What is the victim cache? (5%)
