Computer Architecture PhD Qualifying Exam
Spring 2005

1. We wish to compare the performance of two different machines (M1 and M2). Suppose it takes 2 seconds for M1 to execute a program with 5x109 instructions, and it takes 1.5 seconds for M2 to execute the same program with 6x109 instructions. Assuming the clock rates of M1 and M2 are 4 GHz and 6 GHz, respectively. Suppose M1 costs $50000 and M2 cost $80000.

(a) Which computer is faster? How many times as fast is it? (5 points)

(b) What are the performances for each computer expressed in instructions per second? (5 points)

(c) What are the clock cycles per instruction for each computer? (5 points)

(d) Which computer is more cost-effective? (5 points)

2. Show the minimal MIPS instruction sequence for a new instruction called swap that exchanges two registers ($s0, $s1). After the sequence completes, the Destination register has the original value of the Source register, and the Source register has the original value of the Destination register. Please note that only these two registers can be used. You cannot use any other temporary register. (10 points)

3. Suppose all instructions in a machine can be divided into three classes: ALU, Memory, and Branch. Assuming CPI for ALU instruction is 1, CPI for Memory instruction is 2, and CPI for Branch instruction is 3. If equal amount of time is spent running a program on this machine, please find out the instruction frequency (instruction mix) for this program. (10 points)

4. Please compare the advantages and disadvantages between single-cycle and multi-cycle implementation of processor. (10 points)
5. Explain what write-through cache and write-back cache are. Compare their advantages and disadvantages. (10 points)

6. What is the control hazard in a pipelined processor? Briefly explain it and give an example sequence of instructions to demonstrate it. Furthermore, give a technique that can help solve the control hazard problem. (13 points)

7. Average access time of a memory system with a cache is determined by three factors: hit time, miss rate and miss penalty. Which of the above three factors will be affected by the following technique in each sub-question, respectively? Explain why for each. 

(a)  changing block size. (5 points)

(b)  adding a second-level cache. (5 points)

(c)  changing cache associativity with the same cache size. (5 points)

8. Describe in detail how the computer system will respond if: 

(a)  TLB misses but the page table hits. (6 points)

(b)  TLB misses and the page table misses too. (6 points)

