Advanced Computer Architecture

Fall 2005
Homework #3
(1) Hennessy/Patterson A.1
Note: For all three parts, you should be using a timing chart like Figure A.5, not like Figure A.6 as is stated in the question.  When asked how many cycles the loop takes to execute, that is referring to the entire loop (i.e., you need to figure out how many iterations will take place).  Show the timing of instructions for a single iteration of the loop, plus the first instruction of the second iteration (this will help you to determine how many cycles the entire loop takes to execute).  Assume that the branch outcome is not known until the end of the EX phase.  Hint for part (c): it is safe to move the SD instruction into the branch delay slot, but you will need to make a change to the first operand.

(2) Figure A.17 shows the implementation of the MIPS data path without pipelining, and Figure A.18 shows the implementation of the MIPS data path with pipelining.  We discussed both of these implementations in class.
(a) Why are the pipeline registers necessary for pipelining (i.e., why can we use temporary registers for the non-pipelining case but not for the pipelining case)?

(b) In both of these implementations, in which cycle (consider cycles to be numbered one through five) is the effective address of a branch computed?  In which cycle is the condition determining whether or not the branch is taken tested?  In which cycle is the branch actually taken?  What changes would be necessary to assume a more aggressive branching scheme, as discussed in class, in which a branch is taken at the end of the second cycle?

(c) Fig A.18 shows four multiplexers.  Describe what the inputs to the each of these multiplexers represent.  Although the diagram does not show the data path of the signal being used to select which input will pass through for three of the four cases (it is shown for the left-most multiplexer), describe how this decision is made for each of the four multiplexers.
(d) Fig A.17 shows four inputs to the registers, three coming from the IR and one coming from the right-most multiplexer.  Fig A.18 whose only two inputs coming out of the IF/ID pipeline register, a third coming from the MEM/WB register, and there is still one input coming from the right-most multiplexer.  Why?
(3) Hennessy/Patterson A.12 parts (a) and (b)
Note: I think there are some small mistakes in this question; for example I'm not sure DSGTUI is the appropriate opcode.  But these mistakes should not affect the answer.  Use the latencies from Fig A.30 even if they are not correct.
