Advanced Computer Architecture

Fall 2005
Homework #4

Due Tuesday, November 15, at start of class

(Please: no handwritten homework)

1. Rename registers (25 points)
a) Write a code sequence using MIPS assembler (or something similar) that stalls on a standard 5-stage pipeline with forwarding, but would not stall on a machine with rename registers.

b) Write a code sequence using MIPS assembler (or something similar) that stalls on a 5-stage pipeline with 4 rename registers.
2. Answer problem 3.7 in Hennessy & Patterson. (25 points)
3. Branch Prediction. (25 points)
Assume the inner loop of a program has 5 branches. The code is executed many times, but the branch behavior – the pattern of taken and not-taken – is always the same. The branches are (N=Not taken, T=Taken):

Branch 1: T-T-T-T-T-T

Branch 2: N-N-N-N-N-N

Branch 3: T-T-T-T-T-T-T-N

Branch 4: T-N-T-N-T-N-T-N

Branch 5: T-T-N-T-T-N-T-T-N
For each of the 5 branches, show the predictions for each branch instance, and calculate the misprediction rate:

a) Branches are always predicted taken

b) Branches are always predicted not-taken

c) There is a 1-bit branch prediction table entry for each branch, initialized to taken
d) There is a 2-bit branch prediction table entry for each branch, initialized to weakly taken
4. Answer the following short answer questions: (25 points)
(a) What benefits does Tomasulo's algorithm (without speculation) give us that the simple scoreboarding technique in Appendix A does not?  Name at least two reasonably significant advantages.

(b) Disregarding the extra hardware cost (and potential slow down of a clock cycle), is it possible that speculation will ever hurt performance compared to the same processor running without speculation?  Why or why not?

(c) Branch prediction buffers are generally indexed according to the low order bits of an instruction.  Would the behavior be the same, better, or worse if the buffers were indexed by the high order bits of an instruction?  Why?

